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REMARKS 

Claims 45 and 46 have been cancelled. Claims 1-44, and 47-49 are now 
pending in the application. Claims 1, 3, 5, 6, 7, 9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 21, 
22, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 40, 41, 42, 43, 44, 47, 48, and 49 
have been amended. No new matter has been added by amendment. Reexamination 
and reconsideration of the claims as amended are respectfully requested. 

Specification-Objections 

2. ) In the Office Action dated July 15, 2002 the Examiner objects to the 
disclosure because on page 47 there is no indication of the ATCC Accession number. 
The Applicant has amended the specification to include the ATCC Accession number for 
PH6WG. 

Claims- Objections 

3. ) in the Office Action dated July 15, 2002 the Examiner objects to claims 1, 6, 
21, 25, 37, and 40 because the ATCC Accession number has been left blank. Claims 1 , 
6, 21 T 25, 37, and 40 have been amended by deleting the blank spaces and inserting 
the ATCC deposit number. The specification has also been amended to include the 
terms of the deposit for PH6WG. A copy of the ATCC deposit receipt is included in this 
response. These actions obviate the objection and place claims 1, 6, 21 , 25, 37, and 40 
in condition for allowance. 

The Examiner objects to claims 5 and 24 indicating that the phrase "A tissue 
culture should read -The tissue culture—. Claims 5 and 24 have been so amended. 

Claim Rejections - 35 USC § 112 second paragraph 

4. ) The Examiner rejects claims 1-49 under 35 USC § 112, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention, 

5. ) The Examiner states that, Claims 1-49 are indefinite because the designation 
'PH6WG' does not denote an art recognized designation of a maize plant and hence 
does not state the metes and bounds of the claimed invention." Applicant has amended 
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the specification and the appropriate claims with the ATCC Accession number thus 
obviating the rejection. 

The Examiner has rejected claim 3 for being indefinite and has suggested that 
amending the claim to repface the phrase "is male sterile" with -further comprises a 
genetic factor conferring male sterility— would obviate the rejection. Claim 3 has been 
so amended. 

The Examiner has rejected claims 5 and 24, because of the phrase "the cells or 
protoplasts being from a tissue". The Examiner states that the phrase is indefinite 
because it is unclear as to the metes and bounds of "being from" and the term 
"protoplasts" lacks proper antecedent basis. Claims 5 and 24 have been amended and 
now read, "The tissue culture according to claim 4 [23], cells or protoplasts of the tissue 
culture having been isolated from a tissue selected from the group consisting of leaves, 
pollen, embryos, roots, root tips, anthers, silks, flowers, kernels, ears, cobs, husks, and 
stalks." Cells or protoplasts are inherent features of the tissue culture. See MPEP 
2173.05(e). The amendments now place claims 5 and 24 in condition for allowance. 

Examiner rejects claim 6 and states that, "the phrase 'capable of expressing' is 
indefinite and does not state a positive feature of the regenerated plants, the phrase 
should read —that expresses—. Applicant disagrees with the examiner. The use of the 
phrase ''capable of expressing" is definite. Applicant points out that plants regenerated 
from tissue culture may be stunted and have other changes in growth habit, but once 
the PH6WG regenerated plant is self-pollinated and the seed is grown under normal 
growing conditions, the plant will again express the same traits as PH6WG. Applicant 
requests that the Examiner reconsider his rejection to claim 6. 

Examiner rejects claims 14, 33 T 41, 45, and 46 because of such phrases as "high 
yield", "good cold test scores", "excellent late season stalk strength", and "excellent 
drought tolerance" are relative and do not state the metes and bounds of the claimed 
invention. Applicant has amended claims 14, 33, and 41 in part by removing such terms 
as indicated by the Examiner. Applicant has cancelled claims 45 and 46. Applicant has 
amended claim 14 to read, "A maize plant, or parts thereof, wherein at least one 
ancestor of said maize plant is the maize plant of claim 2, said maize plant expressing a 
combination of at least two PH6WG traits which are not significantly different from 
PH6WG traits when determined at the 5% significance level and when grown in the 
same environmental conditions, said PH6WG traits selected from the group consisting 
of: a relative maturity of 109 based on the Comparative Relative Maturity Rating System 
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for harvest moisture of grain, yield, cold test scores, late season stalk strength, 
resistance to brittle stalk, resistance to Gray Leaf Spot, resistance to Anthracnose Stalk 
Rot, and drought tolerance; and wherein said at least two PH6WG traits were not 
exhibited by other plants utilized in the development of said maize plant." Applicant 
points out that claim 14 has been amended to clearly define the traits of PH6WG that 
could be found in a maize plant produced from PH6WG. Applicant has amended the 
claim using the term "not significantly different from PH6WG traits when determined at a 
5% significance level..." as a definitive term. In the specification pages 38-46, the 
tables show mean trait values. The standards against which the listed traits should be 
compared are the mean values for those traits exhibited by PH6WG or a maize plant 
produced from PH6WG in a side-by-side comparison or other similar environmental 
conditions. For example, on page 36, lines 1-2, of the specification it discusses that 
PH6WG demonstrates significantly higher grain yield when compared to PHR61. The 
Applicant would also like to point out that one of ordinary skill in the art of plant breeding 
would know how to evaluate the traits of two inbred maize lines to determine if they are 
not significantly different to a 5% significance level in the expression of a given trait. On 
pages 275-276 in Principles of Cultivar Development (1987) Fehr writes 'Two or more 
independent comparisons of lines in a test provide a means of estimating whether 
variation in performance among lines is due to differences in genetic potential or to 
environmental variation." A copy of Fehr, pages 261-286, is attached to this 
Amendment and Request for Reconsideration as Appendix A , As was done by the 
Applicant in the specification, mean trait values would be used to determine whether the 
trait differences are significant. Further, the claims, as amended, require that the traits 
be measured on plants grown in the same environmental conditions. These 
amendments obviate the rejection. 

The Examiner states that claims 15 and 34 are indefinite because they do not 
set forth any positive method steps leading to the maize plant. Applicant has amended 
claims 15 and 34. The claims now read, "A method for developing a PH6WG-derived 
maize plant, or parts thereof, in a maize plant breeding program using plant breeding 
techniques comprising; a) obtaining the maize plant, or its parts, of claim 2; b) crossing 
said maize plant to a different plant; and c) growing the seed produced to obtain a 
PH6WG-derived maize plant, or parts thereof." The claims now clearly set forth positive 
steps. The claims as amended obviate the Examiner's rejection. Claims 16,17, 35, and 
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36, that depend from claims 15 and 34, have been amended to reflect the changes 
made in claims 15 and 34. 

The Examiner states that claims 16 and 35 are indefinite in their recitation of 
"maize plant breeding program" since the claims to which they depend are drawn to 
methods rather than breeding programs. Claims 16 and 35 have been amended to 
refer to the method and therefore are in condition for allowance. 

The Examiner rejects claims 19 and 20 because the claims are directed to a 
single gene conversion while the claim to which they depend is drawn to maize plants. 
Claims 19 and 20 have been amended and now read, "The maize plant of claim 18, 
wherein the single gene conversion is a .... H Claims 19 and 20 as amended are now in 
condition for allowance. 

The Examiner has rejected claim 22 for being indefinite and has suggested that 
amending the claim to replace the phrase lt is male sterile 0 with —further comprises a 
genetic factor conferring male sterility— would obviate the rejection. Claim 22 has been 
so amended thus obviating the rejection. 

The Examiner states, "At claims 40-46, the phrase 'derived maize plant 1 is 
indefinite because it is unclear what the metes and bounds of the limitation 'derived' are. 
In addition, it is unclear what the metes and bounds of the phrase 'further derived 1 at 
claim 43 or the phrase 'derived progeny* at claim 44 are." Applicant disagrees with the 
Examiner. As noted previously, claims 45 and 46 have been cancelled. Claims 40, 41, 
and 42 clearly set forth the steps describing the limitations of the claims, The terms 
"PH6WG-derived maize plant" and "further PH6WG-derived maize plants" are definitive 
and provide a means for proper antecedent basis. Claim 43 has been amended so that 
there is proper antecedent basis. In claim 44 the term "derive progeny" has been 
deleted. The Examiner goes on to state in the next paragraph, "Claim 44 is indefinite 
because it is unclear where in the method of claim 40 plant tissue culture methods are 
utilized... " Applicant has amended claim 44 for clarification purposes. Claim 44 now 
reads, "The method of claim 40, still further comprising utilizing plant tissue culture at 
step (b) to regenerate said PH6WG-derived maize plant." Applicant requests that the 
Examiner reconsider his rejection to claims 40-44. 

The Examiner rejects claims 48 and 49 because the claims are directed to a 
single gene conversion while the claim to which they depend is drawn to maize plants. 
Claims 48 and 49 have been amended and now read, "The maize plant of claim 47, 
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wherein the single gene conversion is a Claims 48 and 49 as amended are now in 
condition for allowance. 

The Applicant has amended claims 11, 12, and 13 and claims 30, 31 , and 32 for 
clarification purposes. 

Claim Rejections - 35 USC § 112, first paragraph 

7.) The Examiner states, "Claims 9-11, 13, 14, 17-20, 28-30, 32, 33, 36, 41, 43, 
and 45-49 under 35 USC §112, first paragraph as containing subject matter which was 
not described in the specification in such a way as to reasonably convey to one skilled in 
the relevant art that the inventor, at the time the application was filed, had possession of 
the claimed invention." 

The Examiner rejects claims 9 and 10 T which claim the F1 hybrid made with 
PH6WG. Applicant notes that a claim to the F1 hybrid made with a deposited inbred 
was expressly acknowledged without reservation by the United States Supreme Court In 
J.E.M. Ag. Supply, Inc. v. Pioneer Hi-Bred Int'l, inc., 60 USPQ 2d 1865,1873 (S.Ct. 
2001), when the Supreme Court wrote, u ,,,a utility patent on an inbred plant line protects 
the line as well as all hybrids produced by crossing that inbred with another plant line." 

The Examiner goes on to state, "The claimed invention lacks written description 
under current written description guidelines. The claims are drawn to maize progeny 
plants and transgenic maize plants having undisclosed identifying characteristics 
whereby only the characteristics of the deposited maize line PH6WG are known. There 
are insufficient identifying characteristics to allow one skilled in the art to predictably 
determine the genomic structure or phenotypic characteristics of the plant obtained at 
each level of crossing or at each generation. In addition, at claims 11, 13, 18-20, 30, 
32, and 47-49, the effect of transgenes and/or single gene conversions on the 
physiological and morphological characteristic of a transgenic PH6WG maize plant or 
progeny thereof, is not sufficiently described whereby one of skill in the art could 
recognize the claimed maize plant." 

Applicant notes examples of traits and single gene conversions are given in the 
specification, page 21, lines 16-31 T and page 22, line 34, thru page 32, line 28. Even if 
more than one trait is affected by the transgene, the genetics of PH6WG wilt be only 
minimally affected. The Examiner must consider all limitations of the claimed invention. 
While the Examiner is focusing on traits, the Applicant points out that they are not 
claiming so broadly as to claim any maize plant, regardless of source, comprising those 
traits. Applicant is claiming PH6WG, or a limited set of plants derived therefrom, that 
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retain significant features of PH6WG. Applicant has made an enabling deposit of 
PH6WG with the ATCC, and the Applicant is seeking a fair scope of protection as the 
quid pro quo for the teaching in the specification and the deposit of the material. The 
insertion of one or a few genes into a genome that is estimated to have between 50,000 
to 80,000 genes (Xiaowu, Gai et at., Nucleic Acids Research, 2000, Vol, 28, No. 1, 94- 
96) is a minor change to PH6WG and will not prevent one of skill in the art from 
identifying the plant as PH6WG. To expedite prosecution of claims 30 and 47, Applicant 
has amended claims 30 and 47 to provide that the transgenic and single gene 
conversions of PH6WG are essentially unchanged from the corresponding plant or plant 
parts of PH6WG. 

The Examiner goes on to comment that the breeding techniques of the claims 
"would result in a structurally and phenotypically different maize plant. Over an 
undetermined number of generations, the identifying characteristics of each generation 
become highly unpredictable, especially in view of the fact that none of the identifying 
characteristics of the progeny plants are disclosed in the specification/ 

Applicant has amended claims 17, 33 and 36 to limit the progeny covered to 
those within a pedigree distance of two crosses away from PH6WG. Claim 41 is limited 
to one cross away from PH6WG by virtue of dependency. Claim 42 has been amended 
resulting in the plant of claim 43 being limited to one cross away from PH6WG by virtue 
of dependency. Within the plant breeding arts, breeders use pedigree as a means to 
characterize lines in reference to their progenitors. To those of ordinary skill in the art, 
this indicates that a line fewer crosses away from a starting line will be, as a whole, 
more highly related to the starting line. Thus, the work of the original breeder in 
developing the starting line will be retained in the closely related progeny. More 
specifically, traits and linkage groups present in PH6WG will be retained in progeny that 
are within 2 outcrosses from PH6WG. Not only are pedigree descriptions used by 
breeders to evaluate materials for use in their breeding programs, but it is standard 
practice within the plant breeding industry for licensor's of inbred maize lines to retain a 
royalty from lines developed through the use of their inbreds. Those royalties are, in 
almost all cases, based on the pedigree relationship between the licensed inbred used 
in breeding and the progeny line being commercialized. In other words, pedigree is an 
identifying characteristic to those of ordinary skill in the art. 

The Examiner also states that, "... one skilled in the art would not recognize from 
the disclosure that the Applicant was in possession of the claimed invention at the time 
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of filing." Applicant notes that the mere fact that the progeny have not been created 
does not prevent them from being patented. As stated in MPEP 2163 (3) (a), "An 
invention may be complete and ready for patenting before it has actually been reduced 
to practice." As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with all its 
limitations using such descriptive means as words, structures, figures, diagrams, and 
formulas that fully set forth the claimed invention. Possession may be shown in a 
variety of ways, including... by describing distinguishing identifying characteristics 
sufficient to show that the applicant was in possession of the claimed invention." 
(emphasis added), 1255 Official Gazette 140 (Feb. 5, 2002). Pedigree, which is a 
formula used by plant breeders, is a distinguishing identifying characteristic in 
compliance with the written description guidelines. Further, the Examiner must evaluate 
written description of the claimed invention with all of its limitations, including the 
limitation of being derived from PH6WG. 

PH6WG-derived progeny are described by the fact that PH6WG is utilized in a 
breeding program to make the PH6WG-derived progeny, PH6WG gives genetic 
contribution to the PH6WG-derived progeny, and the genetics of PH6WG are described 
by ATCC deposit of PH6WG seed. By limiting the progeny to 2 or less crosses away 
from PH6WG, the Examiner's concern that the progeny may be only distantly related to 
PH6WG is addressed. In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the 
Federal Circuit, 63 USPQ 2d 1609, the court reversed its prior decision regarding the 
insufficiency of the deposited genetic probes to meet the written description 
requirement. In so holding, the court stated, 11 As the deposited sequences are about 
850, 8500, and 1300 nucleotides long, there are at least hundreds of subsequences 
of the deposited sequences, an unknown number of which might also meet the claimed 
hybridization ratio. Moreover, Enzo's expert, Dr. Wetmur, stated that 'astronomical 5 
numbers of mutated variations of the deposited sequence also fall within the scope of 
those claims, and that such broad claim scope is necessary to adequately protect 
Enzo's invention from copyists who could otherwise make minor change to the 
sequence and thereby avoid infringement while still exploiting the benefits of Enzo's 
invention. The defendants assert that such breadth is fatal to the adequacy of the 
written description. On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that various 
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subsequences, mutations, and mixtures of those sequences are also described to one 
of skill in the art. We regard that question as an issue of fact. ..." 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. One of ordinary skill in the art would 
know if PH6WG were utilized in a breeding program by looking at the breeding records 
and therefore would know if a progeny were derived from PH6WG, PH6WG is a unique 
inbred, as evidenced by the morphological and physiological traits given in Table 1, 
pages 19-21, of the application. Routinely used molecular techniques as discussed on 
page 16, line 8, through page 17, line 2, of the Application can be used to verify whether 
PH6WG is within the pedigree of a line. 

Applicant would also like to emphasize that PH6WG cannot be derived through 
any other means then through PH6WG seed and plant, nor can the influence of 
PH6WG on the progeny be removed from a Jine within 2 outcrosses of PH6WG. This 
fact highlights the different perspective between the Examiner and the Applicant 
regarding the scope of the claims, The Examiner believes the claims to progeny to be 
of great breadth. However, to view these claims as being of great breadth merely 
because a large number of plants could theoretically fall within its scope ignores an 
essential limitation of the claim; that only a plant developed through the use of PH6WG 
is within the scope of the claim. Such a plant could not be independently derived 
without the use of PH6WG, so the claim would not in any way restrict the work of a 
breeder that did not in fact use PH6WG. Compliance with the written description 
requirement is essentially a fact based inquiry that will "necessarily vary depending on 
the nature of the invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing In re 
DiLeone, 436 F2d. 1404, 1405). Thus, the compliance with the written description 
requirement must be judged in view of this limited scope of the progeny claims. As 
amended, the claims are drawn to only a limited scope of progeny, progeny which but 
for Applicant's creation of PH6WG could never have existed. This is in harmony with the 
statement in section 2163 of the MPEP that "the written description requirement 
promotes the progress of the useful arts by ensuring inventions are adequately 
described in the specification in exchange for the right to exclude." That quid pro quo of 
patent law has been met by the Applicant in the present case, and to use written 
description to deny adequate patent protection would be contrary to the stated purpose 
of the written description requirement. 
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Applicant points out that, to overcome the Examiner's rejection, claim 14 has 
been amended in a different manner. The Examiner argues that traits are relative 
terms, lacking a comparative basis, and do not adequately define or distinguish PH6WG 
progeny maize plants. Applicant notes that Examiner's comments represent an abrupt 
and undocumented change of patent office policy. In numerous previous cases 
involving the protection of germplasm and progeny claims, including cases allowed after 
the recently adopted written description guidelines, the listing of traits was previously 
required by the patent office as a way to meet the written description requirement with 
respect to progeny. One reason for using traits as a means of description is because it 
was, and still is, technologically impossible to sequence the entire genome of a specific 
variety. 

If it was possible to sequence the genome of a variety, PH6WG could be 
described and compared to the prior art to identify its unique genetic sequences and 
sequence combinations, and presumably, claims to progeny retaining those unique 
genetic aspects would be allowed by the patent office, This would be analagous to the 
way claims are examined for individual short genetic sequences and claims allowed for 
any plant comprising a specific transgene. Applicant asserts that the fact that 
technological tools do not exist to fully describe the unique characteristics of the full 
genome of PH6WG does not make the progeny lines derived therefrom any less entitled 
to adequate patent protection. It is the purpose of the patent law to protect new and 
useful processes, compositions of matter and improvements thereof, 35 USC 101. 

This situation is somewhat analagous to Ex Parte Tanksley, 37 USPQ2d. 1382. 
In that case the Examiner desired that Tanksley claim according to sequence data to 
"better characterize the cDNA clones'* and "facilitate a complete search of the prior art" 
and issued a 112 first paragraph written description rejection. The Board held that "the 
section 112 rejection amounts to a requirement., that the appellants amend their claims 
in a specified manner... We find no language in the statute or case law which would 
support that requirement." The Board, in treating the section 112 first paragraph 
rejection as a 112 second paragraph rejection, held that In our judgement, a patent 
applicant is entitled to a reasonable degree of latitude in complying with the second 
paragraph of 35 U.SC 112 and the examiner may not dictate the literal terms of the 
claims for the stated purpose of facilitating a search of the prior art. Stated another way, 
a patent applicant must comply with 35 U.S.C. 112, second paragraph, but just how the 
applicant does so, within reason, is within applicant's discretion," Id. at 1386. 
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As stated earlier, claim 14 has been amended by removal of the terms such as 
"high" and "excellent" and the inclusion of "at least two PH6WG traits which are not 
significantly different from PH6WG traits when determined at the 5% significance ievel 
and when grown in the same environmental conditions...." Such claim as amended, 
contains a comparative basis and adequately defines the PH6WG progeny maize 
plants. 

Lastly, the Examiner notes that "neither the individual traits themselves, nor their 
degree of expression, appear to be unique to the deposited line PH6WG." Applicant 
points out that an inbred line such as PH6WG is useful for its unique combining ability to 
produce a hybrid, in addition to the traits it expresses as an inbred. Also, Applicant 
points out that the claims are not broadly drawn to any plants expressing those traits, 
but to a subset of the progeny of PH6WG that express those traits. The Examiner must 
evaluate written description of the claimed invention with all of its limitations, including 
the limitation of being derived from PH6WG, 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 35 
U.S.C. 112. 

8.) The Examiner rejects claims 12, 31, and 42 under 35 USC § 112, first 
paragraph, as containing subject matter which was not described in the specification in 
such a way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. The Examiner states, "Because 
Applicant has failed to adequately describe the maize plants at claims 1 1 , 30 and 41 the 
methods for producing a maize plant of the instant claims are not enabled. One skilled 
in the art would not know how to use a plant that has not been adequately described in a 
method of producing a maize plant, regardless of the technique used." 

The Applicant disagrees with the Examiner. Applicant points out that the 
methods are fully described. The arguments of the Applicant as stated in section 7 
apply, in that the arguments are directed in part to claims 11, 30, and 41. Furthermore, 
one of ordinary skill in the art would know if they were using or one could easily identify 
if they were using PH6WG, PH6WG further containing a transgene, and PH6WG further 
containing a single gene conversion to develop a hybrid. All F1 plants would have 
essentially the same genetic markers as the deposited PH6WG. It is well known to 
anyone skilled in the art that a hybrid has a genome with one set of the alleles from 
each inbred. Therefore the genetic profile exhibited in the deposit would be exhibited in 
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the hybrid. As stated in the specification on page 16, lines 8-15, there are many 
laboratory based techniques available for the analysis comparison and characterization 
of plant genotype such as Restriction Length Polymorphisms (RFLPs) and Simple 
Sequence Repeats (SSRs), Such techniques have been known for some time and may 
be used to identify whether or not PHBWG was used to develop a hybrid. Applicant also 
submits to the Examiner the journal article by Berry et al. (2002). This article discusses 
the probability of identifying the parents of the hybrid by SSR data when neither parent 
is known. A copy of article by Berry et al. is attached to this Amendment and Request 
for Reconsideration as Appendix B. The results of the experiment showed that using 
100 SSR loci markers resulted in correct parental ranking of inbreds for 53 out of 54 
hybrids. Applicant also points out that any breeder of ordinary skill in the art will know 
the identity of both parents used to produce a hybrid. 

The genetic profile of PH6WG containing transgenes or single gene conversions 
would only differ for markers that are located at the transgene site of integration or at 
the single gene conversion location. The change of one to a few genes out of an 
estimated 50,000 to 80 T 000 genes is a minor change and will not prevent one of 
ordinary skill in the art from identifying the plant as PH6WG. One of ordinary skill in the 
art would also know how to cross PH6WG containing a transgene or single gene 
conversion with another plant to produce a hybrid. Thus, the Applicant has described 
the invention with sufficient specificity to enable others to make and use the invention. 
In light of the arguments and amendments, the Applicant requests that the Examiner 
withdraw his rejection to claims 12, 31, and 42, 

REJECTIONS UNDER 35 U.S.C. § 102/103 

11.) The Examiner rejects claims 9 F 10, 14, 17, 28, 29, 33, 36, 41, 43, 45, and 46 
under 35 U.S.C. § 102(b) as anticipated by or in the alternative, under 35 U.S.C. § 
103(a) as obvious over Hoffbeck (US Patent 5,463,173). 

The Examiner states, "Hoffbeck discloses an inbred maize line designated 
PHR61 (see claim 1), which Applicant admits is comparable to the inbred maize line of 
the instant invention (see page 36, paragraph 4 of the instant application). Said PHR61 
inbred maize line inherently discloses such relative traits as "high yield", "excellent late 
season stalk strength" and "excellent resistance to brittle stalk" (see for example page 
38 of the instant application). Applicant should also note that because the limitations set 
forth in the claims lack a comparative basis as set forth in the 112 second paragraph 

13 



Received from < 515 334 6883 > at 10115102 9:55:51 AM [Eastern Daylight Time] 



10/15/02 TUE 09:01 FAX 515 334 6883 PIONEER HI -BRED DSM 

SN:09/759,704 

rejection above, these limitations are interpreted by the Office to be identical to those 
taught by Hoffbeck in the instant reference." 

Applicant as noted previously terms such as "high" and "excellent" have been 
deleted from claims 14, 33, and 41. Claims 45 and 46 have been cancelled. Claim 14 
has been amended to include the phrase *at least two PH6WG traits which are not 
significantly different from PH6WG traits when determined at the 5% significance level 
and when grown in the same environmental conditions...." In lines 1-5 on page 36 and 
in Table 2A on page 38 of the application some differences between PH6WG and 
PHR61 are noted. The data shows that PH6WG yielded significantly more than PHR61 
and PH6WG had significantly better stay green scores than PHR61. Claim 14 as 
amended does not "lack a comparative basis". PH6WG is not PHR61 nor is it a minor 
variation of PHR61 as evidenced by the data set forth in the application, such as on 
page 38, which distinguishes between PH6WG and PHR61 for quantitative traits. Claim 
14 therefore does not read on the claims of the Hoffbeck patent. 

The Examiner goes on to state, "The hybrid corn seed and hybrid maize plant of 
claims 9 and 10 would have been prima facie obvious to one of ordinary skill in the art at 
the time of the invention because, depending upon what second inbred maize plant one 
of skill in the art had selected, the resulting maize seed and progeny could be 
genetically, morphologically and physiologically indistinguishable from that of the instant 
claims." Applicant disagrees with the Examiner. The Applicant is claiming the method 
of making an F1 cross with PH6WG and the plant derived from that F1 cross. Any F1 
cross made with PH6WG would be distinguishable from any other F1 cross made 
without having PHSWG as a parent. This is because the F1 would comprise the unique 
alleles of PH6WG. The hybrids would be distinguishable both through genetics and 
morphologically and physiologically because PH6WG is not PHR61 f nor is PH6WG a 
minor or obvious derivative of PHR61. While it is impossible to determine the 
morphological and physiological traits of a hybrid made with PH6WG as a parent when 
the second parent is unknown, it is possible to determine when an F1 is made by the 
use of PH6WG through the use of genetics. The F1 hybrid claimed in the instant 
invention contains one complete set of alleles from the PH6WG genome. Therefore the 
set of markers exhibited in the PH6WG genetic profile would be present in the F1 
hybrid. The use of molecular markers is pointed out in the specification (page 16, line 8, 
through page 17, line 2) and is known to one of ordinary skill in the art. Such 
techniques have been known for some time and may be used to identify whether or not 
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PH6WG was used to develop a hybrid. Once again to further prove that it does not 
matter to what plant PH6WG is crossed in order to determine that it has been used to 
produce a hybrid, the Applicant submits to the Examiner the journal article by Berry et al. 
(2002). This article discusses the probability of identifying the parents of the hybrid 
when neither parent is known. A copy of article by Berry et al, is attached to this 
Amendment and Request for Reconsideration as Appendix B . Applicant also points out 
that any breeder of ordinary skill in the art will know the identity of both parents used to 
produce a hybrid. 

The Examiner goes on to state, "Similarly, the maize plant of claims 14, 33, and 
36 and the F1 hybrid seed and plant of claims 28 and 29 would have been obvious in 
view of the teachings of the Hoffbeck reference. Applicant disagrees with the Examiner, 
Claims 14, 33, 36, 28, and 29 would not be obvious over Hoffbeck because once again 
PH6WG is not PHR61, nor is PH6WG a minor or obvious variation of PHR61. Claims 
14, 33, 36, 28 T and 29 all have the limitation that PH6WG has to be used to make the 
derived plants or stated differently each derived plant has to have PH6WG in the 
pedigree. 

The Examiner goes on to state, "The PHBWG-derived corn plant of claims 41, 
43, 45, and 46 would also be obvious in view of the Hoffbeck reference because again, 
depending upon what the second corn plant one of skill selects in producing said 
'derived 1 corn plant, the resulting progeny could be genetically, physiologically and 
morphologicaly indistinguishable from that of the claimed PH6WG-derived corn plant, 
given the loss of PH6WG-derived genetic material with each outcross to a non-PH6WG 
parent. See In re Thorpe, 227 USPQ 964, 966 (Fed. Cir. 1985), which teaches that a 
product-by-process claim may be properly rejectable over prior art teaching the same 
product produced by a different process, if the process of making the product fails to 
distinguish the two products." 

Applicant has amended claims 17 and 36 as follows, "A maize plant, or parts 
thereof, produced by the method of claim 15 (34) wherein the method comprises 2 or 
less crosses to a plant other than PH6WG or a plant that has PH6WG as a progenitor . " 
Claims 17 and 36, as well as claim 33, are now limited to a maize plant two crosses 
away from PH6WG. The MPEP section 2143.03 states, "If an independent claim is 
non-obvious under 35 USC 103, then any claim depending therefrom is nonobvious. In 
re Fine, 837 F.2d 1071, 5 U.S.P.Q. 2d 1596 (Fed. Cir. 1988)." The MPEP section 
2116.01 states, TVH the limitations of a claim must be considered when weighing the 
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differences between the claimed invention and the prior art in determining the 
obviousness of a process or method claim." See also In re Ochai, 71 F.3d 1565, 37 
USPQ 2d 1127 (1995) and In re Brouwer, 77 F. 3d 422, 37 USPQ 2d 1663 (1996). 
Once again, because PH6WG is not PHR61 nor is PH6WG obvfous over PHR61 then 
any plant derived through the use of PH6WG is non-obvious. Also of importance is that 
the claimed progeny of PH6WG cannot be obtained by any means other than by utilizing 
the seed or plant of PH6WG. Once again these facts are not altered by the second 
corn plant, known or unknown. 

Applicant has amended claims 41, 42, and 43. Claim 41 has been amended 
and now reads, n A PH6WG-derived maize plant, or parts thereof, produced by the 
method of claim 40." Claim 41 is now one cross away from PH6WG. Claim 41 clearly 
states that PH6WG must be used to obtain a PH6WG-derived maize plant. Claim 42 
has been amended so that it does not allow any further crosses away from PH6WG. 
Thus claim 42 is the selfing of the plant derived by the one cross away from PH6WG 
made in claim 40. Claim 43 has been amended for clarification purposes. All PH6WG- 
derived plants are limited to one cross away from PH6WG and the derived plants are 
limited by the use of PH6WG in the initial cross. One would not be able to obtain plants 
within one cross of PH6WG through modification of the maize inbred taught by Hoffbeck 
because PH6WG comprises a unique and nonobvious combination of genetics, The 
claimed plants derived from PH6WG retain unique and nonobvious combinations of 
genetics derived from PH6WG. Thus, they deserve to be considered new and 
nonobvious compositions in their own right. 

In light of the above, Applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection to claims 9, 10, 14, 17, 28, 29, 33, 36, 41, 43, 45, 
and 46 under 35 U,S,C. § 102(b) as anticipated by or in the alternative, under 35 U.S.C. 
§ 103(a) as obvious over Hoffbeck (US Patent 5,463,173). 

Cancellation of claims 45 and 46 and amendment of claims 1, 3 ( 5, 6, 11, 12, 13, 
14, 15, 16, 17, 19, 20, 21, 22, 24, 25, 30, 31, 32, 33 t 34, 35, 36, 37, 40, 41, 42, 43, 44, 
48, and 49 does not in any way change the claim scope which the Applicant believes is 
allowable but is meant to hasten the issuance of the patent. 

CONCLUSION 

Attached hereto is a marked-up version of the changes made to the specification 
and claims by current amendment The attached page is captioned " VERSION WITH 
MARKINGS TO SHOW CHANGES MADE ". 
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Applicant submits that in light of the foregoing amendments and the remarks, the 
claims 1-44, and 47-49 are in condition for allowance. Reconsideration and early notice 
of allowability is respectfully requested. If it is felt that it would aid in prosecution, the 
Examiner is invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Steven Callistein 

Pioneer Hi-Bred International 

7100 NW 62™ Avenue 

P.O. Box 1000 

Johnston, IA 50131-1000 

(515)-254-2823 

(515) 334-6883 FAX 



Respectfully submitted, 
Brian Douglas Swanson 




Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
In the specification 

On page 47, lines 2-21 have been deleted and the clean paragraph as written was 
inserted. 

In the claims 

Claims 45 and 46 were deleted. 

Claims 1, 3, 5, 6 T 7, 9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 21, 22, 24, 25, 26, 27, 28, 30, 
31 , 32, 33, 34, 35, 36, 37, 40, 41 , 42, 43, 44, 47, 48, and 49 were amended as follows: 

1. (Amended) Seed of maize inbred line designated PH6WG, representative seed of 
said line having been deposited under ATCC Accession No. [ ] PTA-4530 . 

3, (Amended) The maize plant of claim 2, wherein said plant [is male sterile] further 
comprises a genetic factor conferring male sterility . 

5. (Amended) [A ] The tissue culture according to claim 4, [the] cells or protoplasts of 
the tissue culture having been isolated [being] from a tissue selected from the group 
consisting of leaves, pollen, embryos, roots, root tips, anthers, silks, flowers, kernels, 
ears, cobs, husks, and stalks. 

6. (Amended) A maize plant regenerated from the tissue culture of claim 4, capable of 
expressing all the morphological and physiological characteristics of inbred line 
PH6WG, representative seed of which have been deposited under ATCC Accession No. 
[ 1 PTA-4530 . 

7. (Amended) A method for producing a first generation (Fi) hybrid maize seed 
comprising crossing the plant of claim 2 with a different [inbred] parent maize plant and 
harvesting the resultant first generation (F0 hybrid maize seed. 

9. (Amended) An Ft hybrid seed produced by crossing the [inbred] maize plant 
according to claim 2 with another, different maize plant. 
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11. (Amended) The maize plant, or parts thereof, of claim 2, wherein the plant or parts 
thereof [have been transformed so that its genetic material] contains one or more 
transgenes [operably linked to one or more regulatory elements]. 

12. (Amended) A method for producing a maize plant [that contains in its genetic 
material one or more transgenes,] comprising crossing the maize plant of claim 1 1 with 
{either] a second plant [of another maize line, or a non-transformed maize plant of the 
iine PH6WG, so that the genetic material of the progeny that result from the cross 
contains the transgene(s) operably linked to a regulatory element], 

13. (Amended) [Maize plants,] The maize plant, or parts thereof, produced by the 
method of claim 12. 

14. (Amended) A maize plant, or parts thereof, wherein at least one ancestor of said 
maize plant is the maize plant of claim 2, said maize plant expressing a combination of 
at least two PH6WG traits which are not significantly different from PH6WG traits when 
determined at the 5% significance level and when grown in the same environmental 
conditions, said PH6WG traits selected from the group consisting of: a relative maturity 
of [approximately] 109 based on the Comparative Relative Maturity Rating System for 
harvest moisture of grain, [high] yield, [good] cold test scores, [white cob, excellent} late 
season stalk strength, [excellent] resistance to brittle staik, [good] resistance to Gray 
Leaf Spot, [good] resistance to Anthracnose Stalk Rot, [excellent] and drought 
tolerance[, and adapted to the Central Corn Belt of the United States !: and wherein said 
at least two PH6WG traits were not exhibited by other plants utilized in the development 
of said maize plant , 

15. (Amended) A method for developing a PH6WG-derived maize plan t, or parts 
thereof, in a maize plant breeding program using plant breeding techniques [, which 
include employing a maize plant, or its parts, as a source of plant breeding material,] 
comprising: 

al obtaining the maize plant, or its parts, of claim 2 [as a source of said breeding 
material] ; 

b) crossing said maize plant to a different plant: and 
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c) growing the seed produced to obtain a FH6WG-deriyed maize plant, or parts 
thereof . 

16. (Amended) The [maize plant breeding program] method of claim 15 wherein plant 
breeding techniques are selected from the group consisting of: recurrent selection, 
backcrossing, pedigree breeding, restriction fragment length polymorphism enhanced 
selection, and genetic marker enhanced selection [, and transformation]. 

17. (Amended) [A] The PH6WG-derived maize plant, or parts thereof, produced by the 
method of claim 15 wherein the method comprises 2 or less crosses to a plant other 
than PH6WG or a plant that has PH6WG as a progenitor . 

19- (Amended) The [single gene conversion(s)] maize plant of claim 18, wherein the 
single gene conversion is a dominant allele. 

20. (Amended) The [single gene conversion(s)] maize plant of claim 18, wherein the 
single gene conversion is a recessive allele. 

21. (Amended) A maize plant, or parts thereof, having all the physiological and 
morphological characteristics of inbred line PH6WG, representative seed of said line 
having been deposited under ATCC accession No. [ ] PTA-4530 . 

22. (Amended) The maize plant of claim 21, wherein said plant [is male sterile] further 
comprises a genetic factor conferring male sterility . 

24. (Amended) [A] The tissue culture according to claim 23, [the] cells or protoplasts of 
the tissue culture having been isolated [being] from a tissue selected from the group 
consisting of leaves, pollen, embr/os, roots, root tips, anthers, silks, flowers, kernels, 
ears, cobs, husks, and stalks. 

25. (Amended) A maize plant regenerated from the tissue culture of claim 23, capable 
of expressing all the morphological and physiological characteristics of inbred line 
PH6WG, representative seed of which have been deposited under ATCC Accession No. 
[ i PTA-4530 . 
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26. (Amended) A method for producing a first generation (F^ hybrid maize seed 
comprising crossing the plant of claim 21 with a different [inbred] parent maize plant and 
harvesting the resultant first generation (Fi) hybrid maize seed. 

27. (Amended) The method of claim 26 wherein the [inbred] maize plant of claim 21 is 
the female or male parent, 

28. (Amended) An F-j hybrid seed produced by crossing the [inbred] maize plant 
according to claim 21 with another, different maize plant. 

30. (Amended) The maize plant, or parts thereof, of claim 21 , wherein the plant or parts 
thereof [have been transformed so that its genetic material contains one or more 
transgenes operably linked to one or more regulatory elements] . further comprises one 
or more transqenes, and wherein the maize plant, or parts thereof, are essentially 
unchanged from the corresponding plant, or plant parts thereof, of inbred maize line 
PH6WG, 

31. (Amended) A method for producing a maize plant [that contains in its genetic 
material one or more transgenes,] comprising crossing the maize plant of claim 30 with 
[either] a second plant [of another maize line, or a non-transformed maize plant of the 
line PH6WG, so that the genetic material of the progeny that result from the cross 
contains the transgene(s) operably linked to a regulatory element]. 

32. (Amended) [Maize plants,] The maize plant, or parts thereof, produced by the 
method of claim 31. 

33. (Amended) A PH6WG-de rived maize plant, or parts thereof, wherein at least one 
ancestor of said maize plant is the maize plant of claim [21] 2, and wherein the pedigree 
of said PH6WG-derived maize plant is within 2 or less crosses to a Plant other than 
PH6WG or a plant that has PH6WG as a progenitor [said maize plant expressing a 
combination of at least two PH6WG traits selected from the group consisting of: a 
relative maturity of approximately 109 based on the Comparative Relative Maturity 
Rating System for harvest moisture of grain, high yield, good cold test scores, white 
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cob, excellent late season stalk str ngth, excellent resistance to brittle stalk, good 
resistance to Gray Leaf Spot, good resistance to Anthracnose Stalk Rot, excellent 
drought tolerance, and adapted to the Central Corn Belt of the United States]. 

34. (Amended) A method for developing a PH6WG-derived maize plan t or parts 
thereof, in a maize plant breeding program using plant breeding techniques [, which 
include employing a maize plant, or Its parts, as a source of plant breeding material,] 
comprising: 

a) obtaining the maize plant, or its parts, of claim 21 [as a source of said 
breeding material] ; 

b) crossing said maize plant to a different plant; and 

c) growing the seed produced to obtain a FH6WG-derived maize plant, or parts 
thereof, 

35, (Amended) The [maize plant breeding program] method of claim 34 wherein plant 
breeding techniques are selected from the group consisting of: recurrent selection, 
backcrossing, pedigree breeding, restriction fragment length polymorphism enhanced 
selection, and genetic marker enhanced selection^ and transformation]. 

36, (Amended) [A ] The PH6WG-derived maize plant, or parts thereof, produced by the 
method of claim 34 , wherein the method comprises 2 or less crosses to a plant other 
than PH6WG or a plant that has PH6WG as a progenitor . 

37. (Amended) A process for producing inbred PH6WG, representative seed of which 
have been deposited under ATCC Accession No. [ ] PTA-4530 , comprising: 

(a) planting a collection of seed comprising seed of a hybrid, one of 
whose parents is inbred PH6WG said collection also comprising 
seed of said inbred; 

(b) growing plants from said collection of seed; 

(c) identifying said inbred PH6WG plants; 

(d) selecting said inbred PH6WG plant; and 

(e) controlling pollination in a manner which preserves the homozygosity 
of said inbred PH6WG plant. 
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40. (Amended) A method for producing a PH6WG-derived maize plant, comprising: 

(a) crossing inbred maize line PH6WG, representative seed of said line 

having been deposited under ATCC Accession No. [ ] 

PTA-4530 , with a second maize plant to yield progeny maize seed; 

(b) growing said progeny maize seed, under plant growth conditions, to 
yield said PH6WG-derived maize plant. 

41. (Amended) A PH6WG-derived maize plant, or parts thereof, produced by the 
method of claim 40 [, said PH6WG-derived maize plant expressing a combination of at 
least two PH6WG traits selected from the group consisting of : a relative maturity of 
approximately 109 based on the Comparative Relative Maturity Rating System for 
harvest moisture of grain, high yield, good cold test scores, white cob, excellent late 
season stalk strength, excellent resistance to brittle stalk T good resistance to Gray Leaf 
Spot, good resistance to Anthracnose Stalk Rot, excellent drought tolerance, and 
adapted to the Central Corn Belt of the United States]. 

42. (Amended) The method of claim 40, further comprising: 

(c) crossing said PH6WG-derived maize plant with 

itself [or another maize plant] to yield additional PH6WG-derived 
progeny maize seed; 

(d) growing said progeny maize seed of step (c) under plant growth 
conditions, to yield additional PH6WG-derived maize plants; 

(e) repeating the crossing and growing steps of (c) and (d)[ from 0 to 5 
times] to generate further PH6WG-derived maize plants. 

43. (Amended) [A] The further [derived maize plant] PH6WG-derived maize plants , or 
parts thereof, produced by the method of claim 42. 

44. (Amended) The method of claim 40, still further comprising utilizing plant tissue 
culture [methods to derive progeny of] at step (b) to regenerate said PH6WG-derived 
maize plant. 

47, (Amended) The maize plants, or parts thereof, of claim 21 , further comprising one 
or more single gene conversions , wherein the maize plant, or parts thereof, are 
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essentially unchanged from the corresponding plant, or ptant parts thereof, of inbred 
maize line PH6WG . 

48. (Amended) The [single gene conversion(s)) maize plant of claim 47, wherein the 
single gene conversion is a dominant allele. 

49. (Amended) The [single gene conversion(s)] maize plant of claim 47, wherein the 
single gene conversion is a recessive allele. 
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CHAPTER NINETEEN 



Field-Plot Techniques 



?'Tbc fundamental purpose of plant breeding is to identify genotype* w »* h superior 
^performance in commercial production. A large proportion of the time and 
1 expense devoted to cuJtivar development is in held evaluation of breeding ma- 
terial. The tests may involve genotypes in an initial stage of evaluation or those 
Being given final consideration for release as new cultivars. The characters 
naluated range from those that can be measured readily by visual examination 
B those that must be measured with appropriate instrument. The genetic po- 
[tsatial at a genotype for 50 me characters may be determined effectively with 
e or a few plants in a small plot, while for other characters extensive evaluation 
larger plots may he needed. 

It is the responsibility of the plant breeder to select the field-plot techniques 
Jbift will provide the maximum amount of information with the resources avail- 
. The challenge is to adequately test a* many genotypes as possible. The 
cs available to plant breeders vary; usually several alternative techniques 
available for character evaluation. Plant breeders must decide which tcch- 

will be the most effective and efficient in their particular situation. 
Detailed discussions of field-plot techniques and data analysis are provided 
Gomez and Gomez and LeCierg et al. (1962*. An overview of the 

principles will be provided in this chapter. 



..... :;;Am 



IKCE5 OF VARIATION 

ideal way co compare genotypes would be to grow all of rhem in exactly 
.^nfc environment and to measure their characteristics in precisely the same 
The differences amon* genotypes in this ideal situation would be due 
' variation in their genetic potential: therefore, the best genotype could be 
without error. This ideal is impossible to achieve under field eonditionb 
of lack of uniformity in the environment to which the genotypes are 
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exposed. Nevertheless, the use of appropriate rield-plot techniques can maximh*| 
the accuracy with which genotype^ are compared and selected, f 
The factors rh^r result in test condition* thai are les^ than ideal can be refenr4; 
to collcctivelv a.N sources of experimental error. They include variation in dfc: 
environment to which each genotype is exposed and lack of uniformity in the? 
measurement of characters, The breeder has opportunities to minimize expend 
mental error by carefully selecting the site to be used for field trials, the culoml ;'i 
practices used in Crop production, the plot size and shape, and the method of.| 
data collection. 



Site Selection 

Variation in the productivity of the soil is commonly referred to as soil hcier- 
ocenem (Fiii. i 9- 1 1 . Causes of >oil hcteroceneitv include variation in soil type, 
availabilitv of plant nutrients, and soil moisture. The variation cannot be com- 
pleteh eliminated, but it often can be minimized by careful selection of the aicz 
in a field where plots will be grown. Soil maps are helpful for understanding 
the variation in soil rype that is present. Soil types differ in their inherent ability 
to retain nutrients and moisture. Entire trials or at least an entire replication 
should be grown on a single soil type whenever possible. 

V'tsuannspeciion of a field is important, even when a soil map is available. 



Figure 19-1 Example of potential variation in soil productivity in a test area. 
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FIELD-PLOT TECHNIQUES 



When a fit: !ii hu> heen identitied a year in jd\uncc a>, a potential test >ue, it is 
useful for tht: breeder to look tor variability in productivity of the crop grown 
in the area. The breeder should nure variation in the terrain that may cause water 
to accumulate more in one place than in another. Differences in ^oil tillage after 
harvest of the previous crop ma> be opened chat could resulr in non uniformity 
of (he area. L'nevcn dintnbution of plant or animal waste on a field should be 
noted as a potential contributor to variation in the availability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
that were followed in the production of previous crops, with special attention to 
the application of chemicals that could inlluence the crop that the breeder will 
be evaluating The residue from herbicides applied for control of weeds in 
previous crops may cause damage to the crop to be tested. The following quo- 
tation from a research article by Thome and Fehr (1970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The .strain* were evaluated at Amcjs and Kanawha, lo^a. in ... At Kanauha. 

pari of the t:\periiTwni ua\ inadvertently planted in n Held treated with Litra^iiK 
herbicide t^o year* before. All plot* in the area were acstroycU. 

Previous cultural practices in a held can be especially important at research 
Stations where ercp^ are rotated from one field to another on a systematic basis. 
The research conducted on crops previously grown on a held can influence 
markedly the uniformity of the lest site. For example, plots of oat;* were planted 
in a field at fhe Agronomy Research Center of Iowa State University in which 
soybeans had been planted the previous year. Growth of the oats varied in stnps. 
as if nitrogen fertilizer had been applied unevenly to the held, A review of the 
previous soybean research revealed that the strips of oats with e^ctra growth 
coincided with areas where mature soybeans had been cut and left umhreshed. 
The nitrogen in the soybean seeds in the strips was available to the oats the 
following vear, and caused nonuniformitv of nutrient avuilahility in the test sice. 



Cultural Practices 

Experimental ^rror can be minimized by the use of uniform cultural practices 
for production of the crop being tested- Chemicals should be applied uniformly 
to the test site before, during, or after planting Uneven soil compaction should 

minimized during tillage operations. Application of supplemental water by 
irrigation may reduce variability in soil moisture, Weed control should be uni- 
form; most breeders try ro eliminate all weeds during the growing season to 
avoid experimental error caused by differencial weed competition. 

The development of equipment specifically designed for planting, managing, 
and harvesting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment musr be on the 
uniformity with which genotypes are handled. 
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Experimental error irKrea.se;> whenever interplot competition cause* the perfo; 
ma nee of a genotype in One plot to be altered by the perform ance of senorypt 
in adjacent pints. Interplot competition result. 1 * primarily from inreraenoiypi 
competition, which i.s the differencial ability of genotypes to compete with eac; 
other. Interplot competition is more important for the evaluation of some char 
acters than for others, It is only through appropriate experimentation that a pU: 
type can be identified that will provide reliable information for the character o 
interest. 

The effects of intcrplot competition can be avoided by the use of plots win" 
multiple rows in which onl> plants in the center rows are evaluated (Fig. 19-2* 
In plow wirh three or more rows, the outermost row* are designated u> th<: border 
or guard rows. The function of the border rows is to prevent plants in adjacerr 

Figure 19-2 Illustration of bordered row plots with different cultivars destg 
natcd as C . and Zl fCounes\ of Fehr, (QTX,) 

Bordered row plots - equal row spacing 
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plots fruni influencing the performance of plants in the center of the plot. Each 
bordered plot can be considered a miniature Held that is unaffected by neighboring 
ticld>. The >pacint! betaken plots can be greater than the v-vithm-piot spacing to 
facilitate the movement of equipment, purncuiarly when n^rroiv rows ore utilized- 

It would be ideal if bordered plots could be used for the evaluation of all 
characters rhat arc inrluenced by inlerptot competition. That ideal is difficult to 
achieve when thousands of genotypes are being evaluated. Bordered plots require 
seed and land that do not directly provide data for a genotype. Borders take up 
two-thirds of the seed and land area for three-row plots and one-half for four- 
row plots. The cost and availability of seed and land often necessitate restriction 
of the use of bordered plots to the evaluation of genotypes that arc being aiven 
final consideration for release as cultivate. 

[marplot competition can be reduced, but not eliminated, with unbordered 
plots of two or more rows, all of which are used to evaluate a character (Fig. 
19-3). A genotype in a single-row plot is subjected to interplot competition on 
both sides. Interplol competition is reduced by one half in plots with two rows, 
two-thirds with three rous. three-fourths with four rows, and four-fifth* vwich 
five rows. The estimated reduction of inrerplot competition with increasing num- 
bers of rows is based on rhe fact that each row of a plot must compete on two 
sides. The border rows are each subjected to incerplot competition on one side 

Figure 19-3 Illustration of unbordered row plots with different cultivars des- 
ignated as •. O* and Q (Courtesy of Fchr. ISJ78.) 

Unbordered row plots - equal row spacing 
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but nor on the other. Any rows wifhm the twu border row* are protected from 
interpkM competition. Thi* can be expressed as 



Reduction in interplot (numbcr 0 f r(UVS per plot v : sides* - 2 sides 
competition compared ~ — 
with single-row* plui 



Two* row- plot 



number o!" mw> per ptor > : 2 sides 
(2 x 2> - - 



2x2 



= 1/2 



i3 * 2> - 2 

Three- row plot = - ~ = 2/3 

3X2 

The amount of interplot competition a). so can be reduced by increasing the 
spacing between rows of adjacent plots. Interplor competition in soybeans was 
evaluated with five culiivarv crown in single rows spaced 100. 75* 50. and 25 
cm apart (Gedge et at.. 1977). The average effect of interplot competition on 
seed vield was 2-6 percent for the 100-cm spacing, 5.3 percent for 7? cm, 8.0 
percent for 50 cm. and 1 7. 6 percew for 25 cm. 

A combination of increased row spacing between plots and a large number 
of roww can minimize interpJot competition in unbonjered plot*, in the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots spaced iOO cm apart was 2.6 percent. The percentage theoretically would 
be reduced to 1.3 percent for two-row* plots and to 0 9 percent for three-row 
plots. Rows within a plot are not subjected to imerploi competition: therefore, 
the spacing between rows wilhin a plot can be less than the spacing between 
adjacent plots. Figure 19-3 illustrates u two-row plot in which the spacing between 
plots is wide enounh to minimize interplot competition and the spacing within 
the plot is reduced to minimize the land area required tor each plot. 

Some breeders plant one eultivar us a common border between one- or two- 
row plots. In burlev, u lodging-resistant eultivar is used as a common border to 
prevent genotypes with lodging .susceptibility from falling on genotypes in ad- 
jacent plots, thereby causing them to lodge unnaturally. The use of a common 
border has been evaluated us a means of eliminating intergenoiypic competition 
between plots for seed yield and other quantitative characters. The results of the 
research indicate mat a common border can reduce hut not eliminate interplot 
competition {Thome and Fehr. 1 970a). The average interplot competition tor 
seed vidd amnnn four soybean eukivars in single -row plots spaced 50 cm apart 
was compared with competition of the eukivars when a common border was 
used (Gedge et ak. 1977). Interplot competition averaged H .0 percent in single- 
rOu> plots and S 3 percent in plots with a common border. 



Plot Size and 5hape 

The size of plots used to evaluate genotypes vuries with the character b^ing 
evaluated, the amount of experimental error that is considered acceptable tor 



,,ji.p« . 



Received from < 515 334 6883 > at 10/15/02 9:55:51 AM [Eastern Daylight Time] 




FIE 



M. 
br 
fn 

mi 

M 
to 

CO 

pi. 

30 
pe- 

us.. 

\w 
vk 
in: 




10/15/02 TUE 09:07 FAX 515 334 6883 PIONEER HI-BRED 



PIEID^PLQT TECHNIQUES 267 

meuMiriii!: :i eharacier, the eNrcrtrjiental devien. ami rhc ltou th characteristics 
o: :he crop. Plot* van. m .i/^. from :h.>^ for j .inedu plant that is harvested b\ 
hand to those That jre wide and Inn- enough to he h:ir\us[cd v%ith the same 
equipment used by farmers for commercial production. 

SbrJvPUuii PhiVi. Individual plant* commonly arc evaluated in searcgjcinn 
population*. There is. no replication of the: individual*, unless vegetativeVop" 
agaiion ot clone* is possible. Tru: spring among plots vanes with the crop 
species involved. Gardner i (961 > spaced individuals 50 by l0o cm apart when 
steering for yield in maize. Burton 1 1^74 j spaced plants of a population or" 
Pensacolu buhiagrass 60 by 60 cm apart when conducting recurrent phenotvpic 
selection for forage yield. Burton and Brim U93i> used a 46 b> 46 cm spuctna 
among soybean plums for selection of oil composition in the seed. 

Single-plant plots are used for the replicated evaluation of experimental lines 
or cultivars by the honeycomb held design (Fasoulas. 1979). The number of 
plant* evaluated for a line is equal to the number of replications in the experiment. 
FasouUs (198 1 1 indicated thai 100 single-plant plot* (replications j per line would 
provide satis factory results. The plots of the lines in a test are organized in a 
systematic manner to permit comparison of a plant of one line with adjacent 
plants of other lines (Fig. 19-41. The honeycomb design has not been adopted 
by plant breeders for replicated evaluation of lines because it requires more labor 
and is less amenable to mechanization than microplots or conventional row plots. 

Mulriplt-PUwi Plots. The evaluation or* experimental lines or cultivars by plant 
breeders is usually done in plots containing two Or more plant*. Plot size varies 
from small microplots consisting of a hill or shorr row to a plot with one or 
more rows several meters in length. 



Microplots. Microplots are used to minima the amount of seed or land required 
to evaluate a group of fines. In an unbordcrcd microploc. the effect of interplot 
competition must be considered when determining an appropriate distance anions 
piot 5 (Fig. 19-3), Fur oats, hill plots spaced about 30 by 30 cm apart have btfen 
used iFrey. 1965). while for soybeans, a spacing of about I bv I m is more 
common (Garland and Fehr. 198 1 ). 

The number of plants in a microploc differs among crops. A planting rate of 
30 seeds per hill is satisfactory 1 in oats (Frey t 1963). while a rate of 12 seeds 
I*: hill is used for soybeans (Garland and Fehr. 1981). When short rows are 
used as microplots. the plant density is comparable to that of larger row plots. 

There is a lack of agreement among plant breeders concerning the effec- 
tiveness of microplots for evaluation of agronomic characters, particularly seed 
yield. Breeders who use microplots indicate rhat ihey arc useful for eliminating 
interior lines during the first year of yield evaluation. Lines with acceptable 
Performance in microplots arc evaluated in conventional row plors during sub- 
sequent years of testing, to identify those that merit release au cultivars (Fro. v. 
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Figure 19-4 Grid and honeycomb design to select individual plants in a pop- 
ulation. For the grid design, plant? are divided into blocks and the best ones 
chosen from each (Gardner. 1961 >. For the honeycomb design, the plum at the 
center of the hexagon. 0. is compared with every other plum within the hexagon 
(Fusoukis. h>79). A plant is chosen only ii' it is superior ro every other plant in 
the hcxacon. The hexagons outlined represent luo different selection intensities. 
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HILL PLOTS 

Unborderecl Bordered 
Single-hill Five-hil! Nine-hill 
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Figure 19- 5 Illustration of hill plots with different cultivars designated as G. 
, and B iFehr. tS>7Sj. 



l%5. Garland and Fehr. I9SI). The advantages of miemplors compared with 
conventional row plots for the rtrsi year of yield testing are that less land is 
required per plot and that enough seed for replicated tests can be obtained from 
4 single plant, whjeh eliminates a season for seed increase. Breeders who do 
not use microplors are concerned about the reliability of yield data obtained from 
chem, The coefficients of variability for microplots generally are about one and 
one-half to two times larger than for conventional row plots. 

flow Plots Row plots are used by virtually alt plant breeders for replicated 
.esting of genotypes. The overall plot size is determined by the number of rows, 
:he spacing between rows, and the row length, 

Single-row plors of t to Z m in length are widely used for the visual evaluation 
of characters. Many breeders evaluate lines on rhe basis of their appearance in 
irrtall unreplieatcd plots, and advance the desirable ones to replicated tests the 
following season. Visual selection and seed increase commonly are accomplished 
>vith the same plot. 

A plot used to evaluate the yield of lines tor the first time often is smaller 
"nan thar employed for advanced stages of evaluation. For advanced yield tests, 
he breeder attempts to use a plot si2e that approaches or equals the dimensions 
considered optimal lor the crop species involved. Optimum plot size is the 
Tiinimum land areu required to measure a character with an acceptable level of 
-xperimental error. 

Optimum plot size can be determined by the u>e of data from a uniformity 
rial (Cochran. l°o"7). A single cultivar is planted as a solid stand, without alleys. 
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in an area representative of that used for yield evaluation The cultural practices 
used to produce the crop arc the same as those used fur yield trials. The area is 
subdivided into small unit*, and the seeds or plants from each unit are harvested 
and weighed ^eparatel} . Lixperimcntal error associated with plots of different 
size can be determined by making various combinations of the small units, 

Optimum plot size also is determined through practical experience. The 
breeder often will experiment with plots of different size to find the smallest one 
mat has an acceptable level of experimental error. Breeders often do not agree 
on what they consider acceptable experimental error; consequently, an optimum 
size for one person may not be optimum for another. 

Plot width generally is determined by considerations other than the Tel a( ion- 
ship of shape to experiments] error. The primar} factors are the number of rows 
required to minimize or avoid iiuerplot competition and the width of the planting 
and harvest in g equipment that is available. Plor width influences the percentage 
of land area that must be devoted to alleys berween plots. Lone, narrow plots 
require a lower percentage of alley space chan do uide, short plots. This ad- 
vantage is offset in bordered plots because the percentage of land area devoted 
10 border rows decreases as the number of rows per plot increases. 

Plot length provides flexibility for plot size. Before calculators: and computers 
became readily available, row length in the United States was varied to obtain 
a plot size that was a fraction of an acre (one-tenth, one-twentieth, etc.) to 
Simplify [he conversion of plot yields ro yields per acre. With use of computers 
for data summarization and analysis, this is no longer necessary. 



Data Collection 

The experimental error associated with the evaluation of a character is influenced 
by measurement errors during data collection. For characters evaluated visually, 
experimental error occurs whenever the data collector fails tn give an identical 
rating to plots with an identical appearance. Reliability of the evaluation can be 
established readily b> rating a series" of plots at different times and comparing 
lhc ratings. It is essential!} impossible to give visual ratings without error, 
therefore, the breeder must decide when the error is acceptable and when it is 
so large that genetic differences will be masked. 

Some characters can onl> be evaluated efficiently w ith the use of an appro- 
priate machine or instrument. Experimental error can occur because of failure 
to prepare u plot properly for measurement, of not obtaining a representative 
sample of the plot for evaluation, of using nonuniform procedures for sample 
preparation, and of failure of the machine or instrument to operate proper!}. 

Preparation of a plot for data collection ma} heiiin before planting. For 
experimental mot to be reduced, the seeds or planrs of every genotype used for 
planting must be treated CLjuall} if seeds or plants of genotypes to be compared 
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k> nut cmue from a common cm ironment^ environmental error may result. Lint 
vicld and seedling vig*.»r of a cotton cuUi\ar were found to differ in plots grown 
'rom seeds obtained rnuvi different location^ (Poacock and I lawkin>. !V"(Ji. SceJ 
M>i.iree a[sn hui been >hown io influence >eed yield of soybeans <Fehr and Probst. 
1971.1 

In some crop >peeir;*. uniformity, of planr densixv anions plots can be im- 
portant in minimizing experimental error. With maiic. it ib a common practice 
;u [bin yield test plots to a uniform stand soon after seedling emergence. Thinning 
s not considered necessary with some crop species, particularly those that have 
he ability to branch or tiller in response to low plant density, such as barley 
:nd wheat. It also is a common practice with crops such as maize to record the 
lumber of plants per plot immediately before harvest. The yield of the plots is 
adjusted for plant density by an analysis of eovariancc, to minimize experimental 
:rror in the comparison of genotypes. 

When a blank alley is used ar the end of row plots, the end plants generally 
ire more productive than those growing in the center of the plot. When end 
Mams are harvested, yield of the plot is inflated in comparison to the yield 
Stained from plants growing in the center of the plot. This inflation will prevent 
i direct comparison of plot yields wjch those expected in a normal commercial 
tlunciniZ. unless an appropriate adjustment is made for all plots. The adjustmenr 
nay be made by considering the alley as pari of the plot area; therefore, plot 
eniith is the distance from the center of one alley to the center of the next, 
nstead of the distance berween plants at opposite ends of a row. For example, 
r the length of row containing plants is 5 m and the al lev is I m wide, the plor 
ength for computing plot area is considered to be 6 m. 

The yield inflation by end plants in a plor does not contribute to experimental 
.-rror unless genotypes in a test do not respond similarly to the space in the alley. 
The experimental error associated v\ith differential response of genotypes to an 
illey can be minimized by adjusting yields according to characteristics of the 
:enotypes that influence this response. The end plants of soybean genotypes 
vich late maturity give a greater yield inflation than do genotypes of early 
riaturity. Values have been developed with which to adjust plot yields for ma- 
urity of soybean genotypes {Wilcox. 1970). More commonly, comparisons 
tmong soybean genotypes are restricted to tho*e of similar maturity, unless plots 
ire end brimmed before harvest. 

The only way to eliminate yield inflation by end plants is to remove the 
plants before harvest. This procedure, referred to as end- trimming, is a standard 
Procedure with some crops. The end plants arc removed late enough in plant 
levelopmenr that the remaining plants in the plot cannot rake advantage of the 
-•xua space. The length of row removed from each end of the plot must be long 
-•nough to include all plants that have benefited from the space provided by rhe 
:llcy. In >o>bean, O.o m is removed from each end of rhe plot (Wilcox. 1970). 

The problem of a blank alley is minimized in some crops by planting the 
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alley wirh ro<*s of j single genotype perpendicular ro the tot plots. The result 
is thai rhe planrs at the end of a plot must compete with plants in the alley, and 
thus their vield mav not he inflated as much as is Lhe case with a blank allev. 
Plants in the alley are removed immediately before the plots are harvested. 



EXPERIMENTAL DESIGNS 

The arrangement or genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to compare genotypes are common 
to research in many disciplines. Others have been developed to deal with the 
problem of comparing a large number of Genotypes as inexpensively as possible. 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages of testing a few 
select genotypes. Alternative designs will be considered here for comparison of 
single plants. unreplic;)ted genotypes in muUiple-plaw plots, and replicated 
genotypes. 

Single-Plant Selection 

The first evaluation step in the development of a cultivar generally is the selection 
of individual plants from a population. Individual plant selection also is employed 
in population improvement by recurrent phenotypic selection. 

When single-plant selection in a population is for characters with a high 
heritabilitv. the plant* iicncrailv arc sjrown in a random order and Those with 
desirable characteristics are selected- Cultivars may be grown in adjacent plots 
to serve as standards with which to evaluate single plants. Date of flowering, 
plant height, time of maturity, and certain types of pest resistance are examples 
of characters for which single plants are selected without any predetermined 
arrangement of the individuals. They represent characteristics that are not strongly 
influenced by environmental variation. 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil heterogeneity for characters with a low her- 
iiability, such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity in an area where a population of plants may be grown. If phots 
with the highest yield are selecrcd regardless of their location in the field, those 
in the area of above-average productivity will be favored. A plant with outstand- 
ing genetic potential thar is located in the area with below -average productivity 
may be discarded. Two experimental designs are available that minimize the 
effect of soil heterogeneity by comparing plants that are most adjacent to each 
other. 

Grid Design. Gardner 1 1961 > proposed that the land area on which a population 
of individual plants is gn'n\n can be > undivided into blocks or grids of a Imirted 
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area 'Fie. t*'--!. Plant 1 * within o:.iCh Mock are compared with each other, jm! 
rhe Mipcritir one* are selected. Compari-ion* are nor nude berwceii pkifUi from 
different hiockv Tins e.x peri mental denign has been well accepted b> plant 
breeders, particularly those conducting recurrent phenotypic selection for yield 
or other characters uirh a low herkabilir. . 

honeycomb Design. Fa>oulas 11973) developed a honeycomb design for se- 
lecting individual plants in a population (Fig. 1.9-4). Five aspects of the design 
and its implementation are unique, f a > Seed* or clones are spaced equidistant!) 
from each other in a hexagon pattern. The name ol' the design was chosen because 
the hexacon patterns resemble a honeycomb of bees. (b» Plants are spaced far 
enough apart that they do not eornpete with adjacenc individuals. At the appro- 
priate spacing for a species, a missing plant does not influence the performance 
of adjacent individuals, because each plant already has sufficient space in which 
to develop to its full potential, tc) Homogeneous check cultivars can be included 
for comparison, if desired, Every plant of the check is compared with a different 
group of plants in the population, (d) The size of the hexagon used to select 
single plants determines the selection intensity in the population. The effect of 
soil heterogeneity is minimized because only those plants within the aren of the 
hexagon are compared. fe> Every plant in the population is evaluated by placing 
it in the center of the hexagon. A plant is chosen only ir it is superior to every 
other plant m the hexagon. By moving the hexagon, every plant is compared 
with a different group of plants in the population. 

Comparison of the Grid and Honeycomb Designs, Both the grid and honeycomb 
designs reduce the problem of soil heterogeneity in the selection of characters 
of low heritability. In a comparison of the designs, the advantages of One arc 
the disadvantages of the other, and vice versa. 

There are three primary advantages of the grid design. 

1. The spacing of plants does not have to be in a precise pattern. This 
facilitates the use of conventional plot equipment for planting and culti- 
vation. Mechanized planting of the honeycomb design would require 
specialized equipment. 

2. Selection intensity can be varied by altering the number ol" plants in a 
block and the number of plants selected. Only certain selection intensities 
are possible wtih the honeycomb design. 

3. Use of a defined area for each block facilitates visual comparison of plants 
for selection. It is possible to compare plants within a block visually and 
eollec: data only from those with the best potential. Use of the moving 
hexagon for the honeycomb design makes it impractical to compare each 
plant with appropriate ones in its hexagon; therefore, daia must be re- 
corded for every plant, except those that are obviously inferior. 

The honeycomb design has two advantages compared with the grid design. 
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1. Homogeneous check cultivur* can be included to permit comparisons of 
individual piano with a standard. When one-seventh of the plants are a 
check, they can be arranged so that every plant in the population can be 
compared with a check plam . To provide adjacent pbnt> of one check 
culiivar in a grid system, one-third of the are;* would have to be devoted 
to the check. 

2. More than two check cultivars can be included readily in hexaaons of 19 
or more plants. Use of two or more check culuvars in the grid system 
would require that a large fraction of each block be devoted to check 
plants. 

Unrcplicated Evaluation with Mulliplc-Pldnl Plots 

Pbnr breeders routinely conduct visual selection among fines in unreplicated 
plot.*) for maturity, disease resistance, standabtliry , and other characters of high 
heritability . Evaluation for yield in a single replication ha* been used to a limited 
extent to eliminate inferior line* before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other lines to determine its genetic potential. A number of different arrangements 
are available for estimating the genetic potential of lines. One method is to 
compare each line with a common check cultivar (Baker and McKenzie. 1967], 
Figure 19-6 represents a hypothetical example of the yield of six lines in a single 
replication. In the figure, the yield of each fine is expressed a* a percentage of 
the yield of the check Cuhivar immediate!) adjacent, to it. 

Another alternative is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose fui umjic a weighted average is 10 minimi/.:: ihc potential 
problem caused by an unusually poor yield of a check plot. In Fig. 19-b. the 
check cultivar adjacent to line* B and C hah a much lower yield than other check 
cultivars. This results in an extremely high percentage for lines A and 8- The 
weighted average of check cultivars could be computed as 

(!i * yield of adjacent check) — fi x yield of check two plots removed) 

- weighted average of check cultivari 



The percentage yield of each line is computed as 
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Figure 19-6 One povMbic arrangement uK line*, in a single-replication t^t. Ihc 
performance of each line is computed as a percentage of [he performance ot the 
common check cultivar adjacent lo ir. Line B would be considered the superior 



one. 
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Another method used to compare genotypes in single replications is [he 
moving mean (Maketal.. 197S: Townley-Smith and Hurd. 1973). Each genotype 
is compared with adjacent test aenot\pes. not ^ith a cheek cuiuvar. 

The disadvantage of single-replication tests is thai ihe breeder has only one 
Plot value with which to assess the genetic potential of a line. If b> chance a 
line is placed on a plot of soil with above-average productivity, relative to that 
of plots with which rhe line is compared, it will seem to be -enetieally superior, 
even thornth it mav not be. In replicated tests, the breeder will have more than 
one plot with which to evaluate each line. For this reason, single replications 
are not commonly used for yield evaluation. 

Replicated T^sts 

Two or more independent comparisons of lines in a test provide a means of 
estimarinc whether variation in performance among lines is due to differences 
in -enetie potential or to environmental variation. Each comparison is as rep- 
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ligation. Replication can be accomplished h\ growing two or more plots of each 
line at one or more locution* Of one plot ui each of (wd of more location* or 
years . 

Random Nation. One importune consideration in the arrangement of genotypes 
within each replication is the degree of randomization. From a statistical view- 
point, randomization of entries is required to obtain a valid estimate of" experi- 
mental error. To fulfill the requirement, each entry must have an equal chance 
of being assigned to any plot in a replication and an independent randomization 
is required for each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for comparison of genotypes. They know that any experiment 
designed to estimate components of variance must be randomized. There are 
circumstances, however, in which plant breeders do not use complete random- 
ization for the comparison of genotypes. Genotype* with similar characteristics 
may be planted next to each other to reduce interpioi competition in unbordered 
plots. A nonrandom arrangement of genotypes among replications may be used 
to facilitate selection of genotypes before hurvesr. 

Nonranchni Arranticnumis of G awry pes. Any discussion of no n random arrange- 
ments of genotypes can be misinterpreted because it may imply that randomi- 
zation is not an important principle. To avoid such misinterpretation, it should 
be slated again that nonrundomization should only be considered when resources 
are nor adequate to make randomization feasible. The discussion of nonrandom 
arrangements will include the reasons lor their use. their disadvantages, and the 
ways procedures can be modi tied to permit effective randomization. 

Nonrandomization Among Replications. It is common to delay replicated tests 
for yield until genotypes have been visually selected in unreplicated plots for 
characteristics such as lodging, height, and maturity. To reduce the length of 
time for cuitivar development, the season for evaluation in unreplicated plots 
can be eliminated by growing genotypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation (Garland and Fehr, 1981). When visual selection 
is based on the performance of genotypes in all of the replications, it is necessary 
to evaluate each plot, summarize the data, make the selections, and identify the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characteristics of 
interest are not expressed until plant maturity. If several thousand genotypes are 
randomized in two or more replications, summarization of dam and identification 
of plot* to he harvested can be difficult or impossible to accomplish in only a 
feu days, The use of the same arrangement of genotypes in each replication 
makes the job practical. 

When genotypes are in the same position within each replication, the data 
for plots o! each genotype arc recorded in adjacent column* (Fig K J -7). .Sum- 
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Figure 19-7 Field book pages for recording the data of genocypes grown in 
[hres replications. Nonrandoni arrangement of genotypes involves one page, 
whereas a random arrangement involves three separate sections on one or more 
pages . 
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munition or' data is complete as soon a*, the l:iir pKu is ruled. Genot\pcs with 
undesirable characteristic^ in one or more replications can he identified and 
discarded. The plots of desirable genotypes are readily identified fur harvesj 
became they are in rhi: same position in each replication. 

The disadvantage^ of nonxandorni/arion relate to the I act that the >.ame ge- 
notypes are aluay^ adjacent to each other, which Can have negative effects on 
the comparison of genory pes. 

1. In unbordered plots, intcrgenotypic competition can bias the performance 
of tienoivpeN more seriouslv in a nonrandom than in a random arraniie- 
ment. When a poor competitor is bordered by a good competitor, yield 
of the pour competitor can be reduced and that of the good competitor 
increased in every replication. There is no opportunity for u genotype to 
occur next to others with a more similar competitive ability. 

2. In unbordered plots, ;) genotype thut dies or is unusually weak in all 
replications can prevent the- accurate evaluation of adjacent genotypes. 
The performance of adjacent genotypo would never bo tested in repli- 
cations where thev were next to health v ueiUMv oes. 

3. No unbiased estimate of experimental error can be obtained. 

The need to use nonrondomi"/;uion of genotypes among replications cart be 
avoided by improving the efficiency of procedures for data summarization and 
evaluation. An efficient procedure would include the use of a computer. Data 
would have to be entered rapidly into the computer, possibly by entering plot 
data inre an electronic recorder in the held and electronically transferring the 
information to the computer. Computer programs would be needed to summarize 
the daru and make selections on the h;j>i> of standards established by the breeder. 
Plot identification information for selected genotypes would have to be provided 
for harvest. 

Grouping Similar Genotypes - Within Replications, The evaluation of genotypes 
in unbordered plots can he hampered by bias from intergenorypie competition. 
Plant characteristics that often contribute to intergenotypie competition in a crop 
include such factor* us differences in height and lime of maturitv. To reduce 
intergenorypie competition, genorypes with similar characteristic* may be grouped 
within replications. The position of each genotype may be varied from one 
replication to the next. This procedure, sometimes referred ro as restricted ran- 
domization, has the advantage of reducing the effects of i merge nory pic com- 
petition in unbordered plots. The primary disathantage is that all genotypes in 
a test cannot be compared with the same level of confidence. Genotypes within 
u group are spaced closer to each other than genotypes in different groups and 
are less affected hy environmental variation among plots. . 

The use of bordered plots eliminates the need for grouping genotypes, The 
performance of genotypes in plots is not influenced by intergenoty pie compc- 
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utioiv. thci'iM^ie. randomization :> practical. An increase in land. *eed. and other 
resource** w s)| he needed for replacement of unhordcred pli»T% with bordered ones. 




Expcfitnciij; Dc^rjit* tor AV/v^'i v.v</ T* si\. The arrangement of genotypes tn 
replicated icnIn involve* primarily the i^o o!' elrhe:' the randomized complete- 
block design Or incomplete-block designs. The Latin square is used onl\ in 
specie circumstances when the number of entries is small > Cochran and Cov. 
\95~t. The honeycomb design can be used for replicated toting but is considered 
too difficult to implement for a large number of lines {Fasoulas. lysh. 

The differences between the randomized complete-block and ineompletc- 
block desi^n> rehire to their ability ro account for environ menial variation within 
a replication. The two types of design differ in restriction:-, on the size of a 
replication, randomization procedures, analysis of data, and companions among 
genotype v 

The terms complete-block arid incomplete-block refer to Che arrangement of 
aenotvpes in an experiment (Fi$. N-Kl. A block and a replication are equivalent 
in a randomized complete-block design. A block contains, all of the iien^ivpe^ 
in the test and is considered complect- Genotype* sre divided in:o more than 
one block wirhm each replication of an incompMe-block design. The blocks arc 
considered incomplete beeau>e (hey contain on!> parr uf rhe genotypes. A number 
of different types of incomplete-block designs arc available UTocliran and Co*. 
1957), The mo*t common types used in plant hrceding arc referred to as lattices-. 
In a lattice denign. a replication is divided into block> that collectively contain 
all che genotypes in a test tPie. t^-S). 

The incomplete-block designs are intended to provide more control over 
environmental variation within a replication than is possible with the complete- 
block design. The ideal situation tor genotype evaluation would be to te>t each 
genotype in the same plot. thu.s avoiding any environmental variation caused by 
differences in soil fertility . moisture, and other factors within a field. This is 
not possible, so rhe next best approach is to adjust the performance of each 
gemny pe according ro the relative productivity of the plot in which it is evaluated. 
it one plot has better feaility and moisture than the average for all plots in a 
replication, the performance of a genotype in that plot will be adjusted downward. 
A cenotvpc in a plot with lower productivity than the average will have its 
performance adjusted upward. 

Although individual plot adjustments are not possible, the lattice designs 
permit the performance of a genotype to be adjusted upward or downward 
according ro the productivity of the blocks in which it wis grown. The random- 
ized complete-block design does not divide the replication into smaller units and 
is not able to adjust the performance of a genotype for environmental variation 
within replications, 

The effectiveness of the lattice design in accounting for environmental vari- 
ation within replications depends on the pattern of variation. Figure P>-9 shows 
two replication;* with variation in soil productivity. The soil productivity in 



Received from < 515 334 6883 > at 10/15/02 9:55:51 AM [Eastern Daylight Time] 



10/15/02 TOE 09:13 FAX 515 334 6883 



PIONEER HI-BRED DSM 



@1053 



I* 



WALTER R. ffHR 



Replication 



1 






\ 
\ 


j 


5 


6 


7 






s 


EU 


I i 


12 


13 


j-i 







16 


17 




IS 


2D 




21 


-it 


2y 


24 


» 


26 




27 




29 


30 


31 


32 




33 


34 


35 


36 


37 


38 




3 4 > 

RepJicdfiofi 


40 


4t 


42 


~) 

t 


1 .t 


. — 


IS 


2r* 


■i i 

3 1 


_\ . 


■ 

1 


I J 




20 


26 


.^2 


3 s 








2 1 


2 / 


>_\ 






(j 




i ? 








4 


in 




16 


T> 


35 


-1] 


■> 


1 1 




17 


23 


29 


42 


6 


12 




IS 


24 


30 


36 








Replication 


J 






i: 


): 






28 




3> 




13 




24 


29 




40 


X 


l J 






25 


30 


42 


6 


1 t 




it* 


_ A 


32 


37 


1 


T 




18 


23 


3a 


3 C 




s 




)4 




30 


41 


5 


10 




15 


:i 


26 


^ ■ 



Figure 19-8 Lattice design for an experiment with 42 entries and three rep 
licaiions. i Adapted from Cochran and Cox. (957. J For a randomized complete 
block design, there are no blocks within a replication and the entries are assignee 
at random to the 42 plots. 



replication I increases from left lo right. The blocks of the lattice design ar 
arranged in a pattern that effectively measures the variation, as evidenced b; 
differences in the mean for each block. The variation in soil productivity j 
replication 2 does not tit a consistent pattern . Much of the variation occurs with:* 
blocks, and thd mean performance of the bloek> is relative!) .similar. The iarrk 
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Figure 19-9 The effect of the pattern of variation in soil productivity on the 
effectiveness of the lattice dCMen in accounting for environments I variation 
within a replication. The lattice would be more effective; in replication 1 than 
in replication 2. 



design cannot adjust for differences in productivity within a block: therefore, if 
would not be as effective in replication 2 as in replication I. 

The effectiveness of the lattice design compared with the randomized com- 
plete-block is expressed as relative efficiency. Relative efficiency is computed 
as a ratio of mean squares for experimental error of the two types of design. 



Relative 



mean square for error of lattice 



efficiency mean square for error of randomized complete-block 



x 100 



The ratio is used to determine the number of replication* that would have to be 
used with the randomized complete block to achieve a precision in detecting 
differences among the means of genotypes equal to that with a lattice design. 
A relative efficiency of 150 percent indicates that 50 percent more replication 
would have been needed with .1 randomised complete -block design than with a 
lattice. 
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The two t > p o ^ ot dentin differ in the flexibility thai is possible in a lest. The 
randomized compk'Ce-block u-in accommodate any number of jenory pe\ or rep- 
lications. The lattice design requires that a specified number of genotypes and 
replications be included. For example, no lattice design can be used with 4-t. 
5$. or 74 genotypes. There is no restriction in a randomized complete -block for 
the lensth and width of a replication For example, a test with 72 entries could 
be planted 8 pint* long hy 9 plots wide or 6 plot* long by 12 plot* wide. The 
shape of replication for a particular number of genotype* in a lattice is nor as 
flexible. A test wtlh 72 entries could be planted 8 plots long by 9 plot*; wide, 
not 6 plots long by 12 plots wide. 

The randomization of an experiment and statistical analysis of data are more 
comple.s for a lattice than for a randomized complete-block. This ean be important 
if the work is done by hand, but not if done by computer. Computer program* 
are available thai will rcodiiy accommodate either type of design. 

EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number of genotypes is important for genetic 
improvement. Plant breeders have been actively involved in the development of 
equipment that permits them to evaluate more genotypes with equal or greater 
quality than was previously possible. The equipment ranees from simple hand 
devices to sophisticated computers. 

Each crop has unique characteristics that influence the type of equipment 
used. Even for a certain crop, breeders differ as 10 the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how la rye numbers of genotypes are evaluated by plant 
breeders. 

Preparation of Seed for Planting 

The main steps involved in preparing a field experiment include packaging the 
seed and placing it in the proper arrangement lor planting. Computers can be 
used to randomize entries and assign plot numbers. The computer system can 
prim an adhesive label for each packet of seed to be packaged. The label contains 
the plot number, the entry number, and other information of value lo the breeder. 
The plot and entry information also can be printed on pages used to record data 
in the field. The >ame work car. be done by hand, bur would require a targe 
nmnunr of labor and would be more subject to human error. 

Seed is counted by hand or by electronic counting devices. If the number of 
seeds for a plot is large and precise numbers are not required, the seeds may be 
measured bv volume. 
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Rapid planting of plots can he accomplished with engine-driven planrerv N 1 ls I - 
tiplc row pU.trs nuiy be planted from u single picket when each row. do£s not 
require the c\act same number of seed*. The ^ced is parsed through a diMder 
thai separates the seed mto ^ fraetkm fur each ro* . The div id-" may he o powered 
Spinning device or a gravis system. 

The planter can rrnnc through chc ricfd without stopping. Seed for a row is 
placed in u container above a planting cone. When the row is to be planted, the 
container is lifted and the seed drops onto the pluming cone. Two types of cones 
arc used to distribute seed along the row. For one type the base turns and curries 
the seed to the outlet. There it is knocked r'rom the base by a stationary plate, 
falling through the outlet to the soil. This type of con* is used for relative!) 
small seeds that do not roll easily, such as barley, The second t>pe has tins 
mounted on the center cone The seed talis onto a stationary base and is dragged 
by the lin> to the outlet. The lirts are uell suited to relatively large srxdx, 
purtieularlv those that have a tendency to roll easiK , such as maize and soybean. 
The length uf a plot is a function of the dittanec traveled h> th* phintiT before 
all the seed has left the cone. At a constant ground speed, a cone must turn 
faster for short rows than for long rows. Adjustment of the speed of the cone 
rotation can be accomplished readily by several mechanical systems. 

While the seed for one plot is being planted, the seed for the next plot is 
put in the container above the cone. There arc a number of wajs to determine 
when the container should be lifted to begin a plot. One way is ro mark the 
beginning and end of each plot in the field before planting starts. When the 
planter reaches the beginning of a plot. Lhe operator lifts the containers manually 
or electronically. The advantage of this procedure is that the location of each 
plot can be identified as soon as planting is complete. The second way is to use 
a cable extended across the field tha! has knobs spaced along it. The spacing 
between knobs is equal to the length of the plot and the aiEey. For plots thar 
have rows 5 m long with a I m alley between them, the knobs would be spaced 
6 rn apart. As the planter pusses by the cable, the knobs signal when the conrainer 
should be lifted manually, or it activates an electronic tripping device. The cable 
is moved after each pass across the field. Use of the cable saves time at planting 
bv eliminating the need to murk the start and end of plots manually. 



Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding The chemicals generally are those applied for weed control in com- 
mercial production of the crop. Cultivation equipment may be especially designed 
for use in research fields or may be rhe same equipment used commercially. 
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Trim mine of plot* to a constant length before harvest is done manually or with 
specialized equipment. Piocs of small grains generally are [rimmed to a constant 
lenath earlv in the reason when the plants are about 30 cm tall. A rototillcr or 
mower is pyssed along the end of each plot ro kill the unwanted plants. The 
rototilJer may be mounted on a tractor or may be a self-propelled unit that a 
person walks behind. Plots of soybean can be cut to a constant length with rotary 
mowers before seed filling begins. Two mowers are attached to a pipe so that 
ihey are separated by a distance equal to the desired plot length, and are driven 
perpendicular to the length of the rows. 



Harvest 

The most common type of harvester for the measurement of forage yield in the 
United States is a self-propelled tlail chopper. The machine cm* the plants with 
a rotating flail that throws the cut portion into a collection point behind the driver. 
The plant material for a plot may be collected in a plastic container and weighed 
on a stationary scale set up in the held. To eliminate the labor required to use 
containers, an electronic scale can be mounted on the machine. The plant material 
is weighed and then it is discarded into a wagon. 

The harvest of plots for their seed* is conducted with three different pro- 
cedures or types of equipment. One procedure is to collect that part of the plant 
that bears the seed, weigh it directly, or carry it to a stationary machine for 
threshing. The plant par? may be removed by hand or may be collected with a 
machine, such as a mower with a collection basket mounted behind the sickle. 
The harvested sample may be threshed immediately or dried for a period of time 
before threshing. One popular type of stationary machine is the Voge! thresher. 
The plants pass vertically through the machine as they are threshed. For a second 
type of stationary thresher, the material passes through the threshing cylinder 
and falls on a sieve that helps separate the seed from the plant debris Air is 
used to separate the seed and the plant debris in both Types of machine. 

The second procedure for harvesting plots is to use a self- propel led thresher 
specifically designed for small piots. The plant pan with the seed is gathered 
into the machine and passes through a threshing cylinder, then the seed and plant 
debris are separated by sieves and air. The seed may be placed into a bug and 
saved or ma> be weighed immediately and discarded. Seed harvested from self- 
propelled machines generally is more subject to mixtures than thai harvested 

with a stationary thresher. 

The third type of equipment is a commercial combine modified for the hurvesr 
of small plots A commercial unit is used only when the amounr of seed harvested 
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from a pit tt relutKeK Jar^e and is not -lived for planting. Modification:* ot the 
conuuereuil combine include reduction of rh-j number of rm\^ harvested and the 
addition of equipment tor weighing ihc «.ecd 

Dat.i Collection 

Usual K a number of characters yre measured on each plot, such as height, 
scur.dability, and yield. The data may he recorded in a field book, then manually 
entered into the computer for statistical analysis. Alternatively, the information 
mav be recorded in an electronic data collector and transferred directly to rhe 
computer. Thi* saves tim* and reduces the possibility of human error. Plot and 
entrv designations also can be recorded on labels that can be read inro the data 
collector bv an electronic scanner 



Data Analysis 

Computers facilitate the selection or" lines by summarizing data in whatever 
manner is bcncriciul to the breeder. They save an extensive amount ot time, 
minimize human error, and permit data to be summarized in a short period ot 
time. 



REFERENCES 

Baker. R. J., and R. I. H. McKerUie. 1967. Use of control plots in yield trials. 

Crop Sd, 7:335-3??- 
Burton. G. W. 1074. Recurrent resrneted phenorypic selection increases forage 

yields of Pensacola bahia^rass. Crop Sci. 14:831-335. 
Burton. J. W.. and C A. Brim. 1981. Recurrent selection in soybeans. III. 

Selection for increased percent oil in seeds. Crop Sci. 21:31-34. 
Cochran. W. C. 1937. A catalogue of uniformity trial data. Suppi. J. Roy, Stat. 

Soc. 4:233-253. 

Cochran. W. G.. and G. M. Cox. 1957. EAperimental design. 2d ed. John 
Wilev. New York. 

Fasoulas. A. 1973. A new approach to breaths superior yielding varieties. 
Pub. No. 3. Department of General Plant Breeding. Aristotelian Umversiiy 

ofThessoloniki. Greece. 

. 1979. The honeycomb field design: Pub. No. 9, Department or Gent-nil 

Plant Breeding, Aristotelian University of Thessaloniki, Greece. 

1981. Principles and methods of plant breeding. Pub. No. 11. De- 



partment of General Plant Breeding. Aristotelian University of Thcssaloniki, 
Greece. 



i < 




Received from < 515 334 6883 > at 10115/02 9:55:51 AM [Eastern Daylight Time] 




|! 

I 

4 

r 



286 



WALTER R. FEHR 



Fehr. W, R.. and A. H. Prober. tO" 7 !. Effect of seed source on ^oybtan strain 

pe rt o mi tine c (or two successive generations. Crap Set. \ l:tto5-Sh7. 
Fre> . K. J. 1 V05. The utility of hilt plots in oat roeurch. F.uph\tuu 14: 196-208. 
Gardner. C. O 1961. An evaluation of the effects of mass selection and seed 

irradiation with thermal neutrons tin yield of corn. Crop Sri. 1 ; 24 1 —245 . 
Garland. M. L. and W. R, Fehr. 1931. Selection for agronomic characters in 

hill and row plots of soybeans. Crop Sci. 21:591-595. 
Gediie, D. L.. W, R. Fehr. and A. K. Walker. 1977. Intercenotypie competition 

between rows and within blends of soybean*. Crop Set. |7:7S7-790. 
Gomez. R. A., and A. A. Gomez. 1984. Smtisiiial prn<rdurcs for ayriiiiiiural 

research . 2d ed, John Wiley. New York. 
LeClcrg. F. L, W, H. Leonard. and A. G Clark. 1962. Field plot technique.. 

2d ed, Burgess Publishing. Minneapolis. Minn. 
Mak. C li. I... ili.'fves. and J. D. Bcrdahl. 1976. An evaluation of control plots 

and moving means for error euwrol in barley nurseries. CropSd. Jtf:S70-$73. 
Peacock. H. A., and B. S. Raskin*. 1970. Effect of seed source uti scedlitn: 

vigor, yield and lint characteristics of Upland cotton. Gassy plum hirsviion. 

L. Crop Sd. I0:667-o70. 
Thome. J. C. and W. R, Fehr. 1970a. ElTecis of border row competition on 

Strain performance and genetic variance in soybeans. Crop Sci. 10:605-606. 
_.. , 1970b. Exotic £ermpla$m for yield improvement in 2-uay and 3- way 

soybean crosses. Cwp Sd. 10:677-678. 
Townley-Smith. T. F.. and li. A. llurd. I97X L"<e of moving mt*:in> in wheat 

yield trials. Can, J- Pit. Sci. 53:447 450. 
Wilcox. \. R. 1970. Response of soybeans to end-trimmine ar various growth 

Stages. CropSd. 10:555-557. 



,1 T'* 1 » ,i 



V -* 




Received from < 515 33* 6883 > at 10/15/02 9:55:51 AM {Eastern Daylight Time] 



10/15/02 TUE 09:16 FAX 515 334 6S83 
APPENDIX B 



PIONEER HI -BRED DSM 




@ 060 



Assessing Probability of Ancestry Using Simple Sequence Repeat Profiles: 

Applications to Maize Hybrids and Inbreds 



Donald A. Berry,* 1 Jon D. Seltzer/ Chongqing Xie/ Deanne L, Wright : and J. Stephen C. Smith 

'*Th; Ltiwnity ')fTrx(t\ M U. Andnwti Cantt-r Crrttrr, Houston. 7V.w.v 77030. 'Third Wave Tfr/tnod^r^ hn Mad'wwi. W'htot^in 

73719 and 'i*ionrt*r Hi-Rrnl [nt*nmtmmtl, fur.. Jahrtittw. hit ft 5013! 

Manuscript received July 2-1, 2001 
Accented for publication March I I. 2002 



ABSTRACT 

Determination of parentage \$ fundamental to the study of biology* and to applications such as the 
tdcuiificiition of prdigrccs. Limitations lo studies of pa rentage have xremmed from the use of an insufficient 
number of hypervariabto loci and rnUmatches of alleles that can be caused by murauon v , by laboratory 
error and that c;m generate False exclusions. Furrhermnrr. roost studies of parentage h;ur been limited 
to comparison* of small numbers of specific parent-progeny triplets thereby precluding kirjje-scale siuvcys 
cf c:;indid;ues where there may be no prior knowledge of parentage. We present an algorithm thai can 
determine probability of parentage in circumstances wheie there is no prior Icnmvled&e of fxidi^ree and 
that, is robust in the lace of missine, data or mistyped d:ua. We present data liuiii 5-1 m.ii/o hvbiid.s and 
586 maize inhrtrU th:n were profiled umii» iy-j SSR loci inducing *i minions of additional levoU o*' 
mining ;ind uiisr,\ped data to demons rrux the utilit) and flexibility of this algorithm. 



DETERMINATION of parentage is fundamental to 
the study of reproductive and behavioral biology. 
The increasing avail abiliry of highly discriminant ge- 
netic markers for- many diverse species provides the: 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknown, in error, or in 
dispute. 

Identification oF parent-progeny relationships in wild 
populations of animals and plants provides insights into 
Lhe success of various reproductive .strategics (Ell- 
strand 1984; SmouSl and Mkacher 1994; Alderson 
et ai 1999) and has allowed for the implementation 
of management programs to conserve genetic diversity 
(Milllk 1975; Raunala and Mountain L997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir- 
able traits through selective breeding programs to be 
identified (Bowkks and Meredith 1997; Strt: et ai. 
1998; Vankan and Faddy 1999). These applications of 
associative genetics facilitate further progress in generic 
improvement through hrrrdiuv. lis Labi ish me nt of par- 
entage is also useful ro secure legal rights of guardian- 
ship in humans, to help protect intellectual property in 
plant varieties, to valirtak- breed pedigrees of domesti- 
cated animals, to protect stocks offish, and to identifv 
provenance of men l thai is available in supermarket 



'Cnnnfiarntnfg (minor- (Vpaim n.*:t I * <t Bi\»laliMif s, The I'rmriMh (it 
Trxitrv M. D. Anderson Ci!ii'r*i Cr-im-t. lft|"> H"lt '>ti ilti; Bhcl.. B<»\ 
117, Muibti-tt. T\ 77o:tn-|fni;i K nt.ul' rlhi'm^miluiiric-ftii'il m'li 

f :.■*(»•.[., |f>i; i j i . |u..f 'i tin-. 



(GOT* and Tmai.lf.r 199S; Primmkk ct ai 2000; VVFirrii 
end. 2000). 

Most studied of pedigree have utilised exclusion analy- 
sis where the molecular marker genotypes of either one 
or a restricted number of potential triples of offspring 
and putative parents are compared. Often the identity' 
of the mother is not in question; the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared wiih candidate father 
genotypes (Ellstrand 1984; Hamrick and Schnasel 
1985), Individuals who could not have contributed the 
paternal genotype are excluded; the remainder are pos- 
sible parents. Nonpaternity in humans is generally de- 
clared onlv on the basis of exclusions exhibited bv at 
least two unlinked and independent loci. This criterion 
of exclusion reduces the likelihood oFa False declaration 
of nonpaternity on the basis of marker results that are 
actually clue to mutation within the phylogeny. Bhin ct 
al (199S) show that evidence of nonpaternity should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions that would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare nonpaternity in humans has also 
been instituted (Cunn et nL 1997). In studies of natural 
populations of animals or plants where numerous pnr- 
ent-pmgmv triplets are examined ii is usual to accept 
a ^in^le exclusionary event as evidence of nonpaternity 
(Marshall fit ni 199$). Paternity testing has been ex* 
ten rled to siiuaih.Mis n-here DNA i'mm t- it her parent is 
unavailable. For example, paternity can still lie estab- 
lished in iMrcumsiaru cs when, 1 the putative; father is de- 
ceased bur his parents air still alive ( F Im.minkn h til. 
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demonstrate that pau-mU\ can he determined in cws 
where the mother unavailable lor. testing. I-ANi: 
ft/. (l'n)-'») p:u thill v 1 v. < »um i in. r.t-t I tjn; DNA profile of a 
missing crocodile paient a-mi*; profiles of the mother 
and progeny. 

CHAKRAP.OftTY ^ ( l l Jl>S) iind SMOUSf. and MhAOHl-lK 

(1994) report that reliance upon exclusion alone has 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed fro in the use of an insufficient 
number olin dependent hypervariable loci. Other statis- 
tical methods arc therefore required ro calculate ihc; 
likelihood of paternity for each no n excluded male 
(Bkkrv unci Ceisstfc 19S6; M£achkk L9S6; Mkac;h*r 
and Thompson 19Sq: Thompson and Mkachkr 1987; 
Devlin h 19SS; Berry 1991). Marshall ei al (199S) 
draw attention ro the quality of data thut is encountered 
practically in ge.noi.ypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate males, dam may be missing for some 
luci in some individuals, null allele:* exist, and typing 
errors occur. Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides; additional 
challenges because their phylogeuics can reveal appar- 
ent exclusions that masquerade as nou-Mendeliaii in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual is used as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in die parent can still become fixed in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same parent repeatedly 
in "backcrossing," Therefore, many individual inbred 
lines, varieties* or hybrids can be highly related- (n con- 
sequence* there arc numerous (and ofi^o very similar) 
pedigrees. The effective number of marker loci that can 
discriminate he twee n alternate pedigrees is proportion- 
ally red need vl* parents arc incrciwingly related. Consc- 
quendy. inbred lines can be more similar* to one or 
more sister or other inbrcds than those inbrcds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circu instances where there is a priori 
information for at least one of the parents (usually the 
maternal parent). Limited availability of marker loci and 
the lack of very high-rh rough put genotyping systems 
offering inexpensive daiapoim rosis may have focused 
research on studies thai involve- relatively few individuals 
and where there is at least .some >/ priori indication of 
pare n rage. Studies that have Ix-eu conducted without n 
pmm information on parentage include species where 
reproductive behavior readers idcuulit at ion of the ma- 
ternal parent difficult or impuviihtc. Examples include 



those- undertaken on bird*, dr.u pinnire bmod parasit- 
ism f At ih-'.rsun rt ftf. l'.>9'.o oi fMra-pair copulation 
(WktTo.M W aL Vyyi) or on speetes such as the Wombat 
tints ate difficult to observe in the wild 'Taylor t'f ttt. 
1997). 

Two circumstances favor a revised approach to tilt: 
staiiMiad analysis of pedigree. I'irst, molecular marker 
technologies are rapidly developing and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidly and inexpensively. A greater number and diver- 
sity of larger-scale studies of pedigree can be expected 
within die plant and animal kingdoms including individ- 
uals in which there is no prior knowledge of pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that are efficient and robust in -the face ot 
apparent exclusions, missing data, and labnratory error- 
are required. 

The purpose of this article is to describe and evaluate 
•a methodology thai can be used to quantify the probabil- 
ity of parentage of hybrid genotypes \\\ focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, pseudo- 
ncMi-Meiideiiaii inheritance {apparent exclusions) due 
to residual heterozygosity in parental seed sources, miss- 
ing data, and laboratory error. The methodology has a 
number of advantages; (i) It can accommodate large 
clause ts of possible ancestors (hundreds of inbreds or 
hvbrids each profiled by >100 marker loci), (ii) it does 
not require prior knowledge about either parent of the 
hvbrid of interest, <ui) ttdoes not require independence 
of the markers, and (iv) it can successfully discriminate 
between many htehlv related and ^eneticallv similar gc- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize (Zaa mays 
L.J hybrids using simple sequence repeat (SSR) marker 
profiles for 54 maize hybrids together with their parental 
and grand parental genotypes included among a total 

of 586 inbred lines. The methoelolug\ ii applicable to 
the investigation of parentage for all progeny developed 
from parental mating without subsequent generadons 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm; Consider an index hybrid whose parentage is 
unknown or in dispute. InbrerLs in an available darabase arc 
possible ancestors of ihe hybrid. The obje< the is to find the 
probabilities of closest ancestry for earh inbred on the basis 
til information from SSR* from ihe inuV\ hybrid and the 
inbrcds. There is no reason to trim ihe ri;ic;ihase bv removing 
inbreds thought to he unnMnted tt* the index hybrid because 
their lark nf relationship ^"Ut be tli.M'overed. 

Consider 3 pair Ol poiiibtt; :uu*esT<>r^. inbred ; and inbred 
ffu'ic ii nulhiiig special about rht> p.irru'nl.if pair ,\$ nil 
[jail's will be treated similarly. The proi e>4 fnvtjve^ caU'itlacing 
rhe pn ib;»bilir\* rh:»r inhrc.-fts i nnd / m t in (lw hvln \?[\ .incestrv*, 
n, [>e.tiuig tins tor oil piiir> iidued> in the ti;iiul>a.se. 
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The basis i»* ill*.' Mj^riihin in l'>.tys' rule ir.fr. Hi.khv VAH. 
\\)\U\\, l.i-i /*(/. /iS^Rst M.md for die f pi >sn.-rit>i > piobjluhiv 
drat r ;i i u I /arc .Ku. fiitt'C 4 f»f dw index hybrid ^ivcn the iiil*»rtn.v 
don i'Kuti Uu--vcii'inns S-SK.v Lei / J f r. />' stand for rhc uncondi- 
tional tor prion probability or the same cumr. ritultv, 
/'(SNRs!;, ;) is the probmilitv ot observing iHt: Virions SSR 
results if in fuet / ami / are ancestors. Baycs' rule* says 

ft;. /ISi»I\a) -•' ^tSW. 1 \ * // ^[n.SSRslft. :< /In, ol 

whcic the sum in [he deny mutator b over all pairs of inbred*, 
indexed by u and v. PiSSRsli.j) X ts one of die rt.-nns 

in the denominator. (To compute the denominator in the 
above expression, fix a purticjilnr order to [he inbred.* in the 
database and take » < r in expressions involving the pah (m. 
v). II there we 3SiS inbreds* lor example, then the number 
of pairs and the number of terms in die dcnnuniuiror is 
586 (537) /2 - 171,991. > Inbreds i and j may be parents or 
grondparenrs or other types of relations or bear no relation- 
ship at aH to the hybrid. If there are more than two ancestors 
in the database, such as both parents and all four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities- Tf the hy- 
brid a true parents arc in dtc database, ihen us u pair they will 
typically have the highrsr overall posterior piobabilitv. If both 
i And y happen to be related to one pailicuhr parent of" the 
hybrid, then as a pair their posterior probability will be low 
because thev will not usually atxoum for mrmy of the alleles 
char .ire contributed by rhe other parent of the hybrid. 

We will make the "no-prior infomiatiorr assumption that 
F{n : v) is the same tor all pairs (h, v). This implies that this 
factor is cancelled from both numcraror and denominator in 
the above expression giving: 

The problem is then lu calculate :i typicnl ^(SSRjf J\y V Ajsume 

inbreds innd y'nrc horh ancestors. U f e calculate the probability 
of observing the resulting hybrid under this assumption. We 
make no assumption* abouL relationship* among the various 
inbreds. Other. possible ancestors will be considered implicit^' 
in the calculation by allowing their alleles to be introduced 
through breedings with i and j. However, the nature of sue h 
breedings is not specified. Suppose inb»"cd fs alleles are (a. 
b). Each descendant of inbred I receives one of these two 
alleles or not. An immediate descendant receives one with 
probability I (barring mutations). A second gene radon de- 
scendant receives one of them with probability 0.5. And so 
on. Since degree of anccsrn- (if ony) is unknown, we labe) the 
actual probability of pacing on one of these alleles to be R 
Similarly, an allele from inbred j has been passed down to the 
hvhrid or not, aiid the probabiliry of rhe former is P. In rht* 
following, Pwill he taken to equal O.oO. atthot^gh we will also 
consider f* = 0.99 in some of die calculations. 

Assurnitii; P " 0.50 is coiisistent with the closest anccsrors 
in rhc dnT7iba.se being gmndpn rent?. However, we are nor 
interested in ^mndprtrenr^ ptrr $i\ (f the closest ancestors in 
die database were parents, then as indicated above P should 
equal £ (ignoring niuLi (ions and la bora rory errors). 0»r pri- 
mary concern is when che parrms are HOC in the database, fn 
this ease Pis no greacer than 0 30. Aismntn^ P - 0.50 is robust 
over the middle range of possible values ol P* One «a> m 
which it i.5 robiwr is ifrherr may be mucnrtons and laboi^torv - 
erroi-s. in which case /' would have to be <). Taking P to 
equal 0.50 levies little penalty uj^iinsr :\ parrieidar p^iv in which 
there is an appamir e\£ l\ision from direct parentage, fhe re- 
fore taking P to be <\ means that if the true paientsaie in 
the database then thev will nr.it be ruled out if ihet e happen 
m he initiations and laboratory errors. And it' the rlavesi :uu*c.s- 
lors in the database are more remou- rhan ^ramlp.tronrs, rht-v 



ai'»* Ilkc-K tu be idrulitied h^faux- 1 1 u-^ \»siii'!b ha\*' tin- 
ft'\M"4t ini*<m;ut"hfs of tin- lim s **i >mm*.U rtnl. 

Whr'ti / \\\\f\ j art: anCeStoiN tlu ie arc,- hmi' pn.ssihi(iiie>: (I » 
The alleles Of both iubietl» / and / were passed to [he hybrid. 
{-} inbred / came rhruujrh but not inbretl j, (:h inbred / 
came rhrou^h but not inbred /. aufl ( \ \ neither itdn'ed rur'ne 
through. As.suiiiiii;; iiulepemien* e, dte.se have respective pr» jI> 
abilities / >: . P[\ - /••). P{ 1 - r"t. tl P.'. In die c.ls<- /' - 
0.">0. all of these prolxibilities ecmal 0.ii"j. 

An instance of the law of total probability (Set. C^.o. BkRHV 
I'.-JOl)) is th:u the probability of observing a hybrid's alleles is 
the average of the conditional probability of this event given 
the above four eases. The simplest of the four cases is the 
fust possibility: Assuming the hybrid's alkie* are passed down 
directly from both iubrrds. rhe probability of observing the 
hybrid's genotype is either t or 0 depending on whether Lhe 
hybrid share? both inbreds' alleles. (It is especially exsy when 
both inbreds are Iiuniusn-gotLs.) The other three cases require 
an assumption regarding the possibility that ait inbred' j allele 
is not passed rp the hybrid but is interrupted by a mutation, 
a laboratory error, or intervening breeding. We rejjnrri .such 
an allele as being selected from all known alleles with probabil- 
ity lAnuulber of alleles), where rhf* iinrnhf-r nf' nil Has is rhr 
total number of alleles known to exist at the locus in qucsnon. 
An alternative approach would be ro use the allelic propor- 
tions thai are present in the database (or in anoihei database). 
However, the lines in the databtLse may not be randomly se- 
lected from any population. For example, a line that has been 
hi'/hiv used in breeding would h;^'e manv derivative lines in 
the d?unb?.sc, l" w*hich case the frequencies of its alleles will 
be u/ •tilitliaJly inflated. Assuming equal probabilities for die 
various alleles at a given locu* is robust in the Sense that it is 
not affected by adding and dropping lines from the database. 

There lire rminy cases to consider when computing the 
probability of observing a hybrid's alleles, depending on die 
zvvositv of the hybrid Arid the inbreds. and allowing for the 
po^ibilir)" of missing nlletcs or "extra alleles" in the assessment 
of the hybrid and inbred genotypes. These possibilities are 
coo numerous ro list. Instead we ^ive three simple examples, 
All the examples have homozygous inbreds, the mnst common 
case. And each of the three hybrids has two alleles, again the 
most common ease. U'c Suppose that the measured alleles for 
three SSRs and -a particular trio of hybrid ancj ancestor inbreds 
nrc as we have inriirmed in Table i. 

For SSR 1 there are three known alleles, one in addition 
to alleles a and h that are listed for the three lines (hybrid, 
inbred and inbred ;) in Tabic 1. For SSR 2 and SSR 3 
there are cwo known alleles in addition to those listed. The 
calculations in the right half of Tnbk 1 will now be explained. 
Impark In calculating P{SSR\Kp is the assumption — required 
in both the numerator and denominator of Raves' rule — dial 
inbreds i nnd / are anr.csrors of the hybrid. Consider SSR I. 
In eaie I above, both ancestors* alleles {as measured by the 
laboratory process) arc assumed to pass to the index hybrid, 
and so in this case the hybrid is necessarily ab. The probabilirv 
of observing the actual hybrid's £cnorypc is I for case 1. as 
shown in Table 1. In ca.se 2 t we assume that inbred fs allele 
passes to the hybrid but inbred j* does not. Indred, die hybrid 
has an a allele. The probability of observing a frns the other 

allele is l/(mimhcr of alleles') ^ l/:V ns shown in Tahlo t. 
t."^sr :5 is similar. In ca.se 4. neither aneestoi allele is parsed 
to the hybrid: the probability of obsei\inj; the hybrid's j;eno- 
r\pe (or any heterozygous gpnorvpe'i is il\ i/'S') i ' /'^ = -* •>• 
Since / : ' = 0.50. the overall (unconditional) probability in the 
riidiliuost column (17/.%J is the simple average of die four 
ca.ses, as indicated tn Tabh 1 I. 

Kt;r S^K ti and .SShl $ the calculations ate Mmibr. Kor .SSK 
1* iherc is «>me etidcttte against pair (/', /) beint; ;inetSf.or<. 
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Probability of ob.se rving a hybrid* alkies insing three *n»plc SSRs and four possible combinations (cases \ 
of alleles passed, assuming that inbreds i and; art! ancestors of the hybrid 



Probability ol ol>civin^ I lie 
hybrid's t*eur>typ« 



Case I Case 2 



Cisc I 





alleles 


Hybrid 


Inbred i 


Inbred f 




i, mH j 




not i, not j 


1 




ab 


an 


lib 


I 


1/3 


1/3 




2 


5 




bb 


Cr 


0 




0 


2/25 




0 


ab 


rv 


Dtt 


0 


0 


0 


2/36 



SSR. simple sequence repeal murker profile. 



Overall 
prtihid >ilil y 
f(SSR|*. /) 

7/100 
1'/ 1 44 



but u is not conclusive. For SSR 3 there is even less evidence 
favoring pair (C;>. It would "ot take many SSKs with evidence 
similar to that for SSR 3 to essentially rule out this pair — 
provided that other pairs are not similarly inconsistent. 

To find the overall P(SSR.sl/, j), multiply the individual 
/■^SSRI/, /) ovrr rhr various SSRs. Thcrr otv purely oompum- 
tionnl issue* to nddrt-ss. fc'.arh >\&SR;/\ y) is a number between 
0 and L When there are a great many SSR*. the product ol 
these numbers will be vanishingly Small. To lessen problems 
with computational underflow, for each SSR we multiply 
/^SSRl", t>) by rhr same constant, for each pair <u. v): the 
inverse of the largest possible such probability. For example, 
since 17/36 is the 'largest probability For n heterozygous hyhriil 
at an SSfc having rhree glides (as is the case for SSR 1 in 
Table 1). we multiply all factors P($SR/lw, z>) by 36/17. To 
eliminate remaining problems with underflow, wo do calcula- 
tions uatiij; logarithms (adding instead of multiplying) and 
rake ami logs at the end. 

The probability P(SSR1«, v) is calculated ibr all («, v) pairs 
and summed over all possible pairings in the database, includ- 
ing that for the inbred pair under consideration: U J) This 
gives rhr. denominator in the expression for Z^/, ylSSRfii. 

To determine the probability that any particular inbred, say 
inbred /, is the closest ancestor of the index hybrid, sum 
flSSRU V) over all inbreds u with v =/ i Call this WSSRs). 
The maximum of WSSRs) for any inbred / is I. Bul since 
there is one closest ancestor on each side of the family, the 
sum of P(i'ISSRs) over all inbreds i is 2. Tf there is a panic uinr 
pnir{i,/) forwhich /\j\/ISSRs) is close to I then both P</"1$$R$r" 
and r^lSSRsi separately will be close to 1. 

SSR data: DNA was extracted from 54 maize hybrids and 
from 586 maize inbreds. All of the hybrids and mosr inbrrds 
iirc proprietary products of Pioneer Hi-Bred International, 
some important pubhcW bred inbred lines were also included. 
The inbred parents and grandparents of each hybrid were 
included within the set of inbreds. Orhcr inbreds that were 
genotyped include many that arc highly related by pedigree 
to parents and grandparents of the h>brids. The hybrids were 
chosen because each Has a pedigree that is known to US and 
cotlccrivelv rhev represent a broad array of diversity of m;n?c 
yei mplasm that is currently grown in the United Suites raiv'iu" 
from earlv to late maturity. 

A total 'of lOfS .SSR loci were used in rhis srudy Mlowim; 
procedures dV.<;rrih*'d in Smith st al. { 199"), but modified as 
described below. SSR loci were chosen On the busis that tho 
individually have been *houn Co lim e a high power of disvrimi- 
narion Among mai/e inbred lines and rollrrmvlv t!h*\' provide- 
lor a sampling i ildt\<MMi\ -for rnch chromosome arm. *V rhese 
SSR loci, the following iiumhcrs (in parentheses I wei e looaird 
on individual ni:ii/t: iIiiuiihkoih^ j\ (ullov^: 1 t:^ 1 . - {'2^>. 
3 (ii). I *> Hi". H t ' * J 1 . 7 ir>). S iltfi. 0 i. and H> 



(14); 17 SSR loci have not yet been mapped. The correlations 
among the loci arc unknown and are irrelevant for our meth- 
odology. 

Sequence data for primer* that allow many of these (and 
other) SSR loci to be assayed are available at website hup./' 
www.n^ron. rtiissouri.edu. All primets were designed toonnrnt 
and :imptiry under a single si-t of conditions lor PCJR in V) ).0 
reactions Genomic DNA (10 rv;) was amplified in 13 rn.w 
MgC:i 2 . 50 him KCI. 10 mM Tris-Cl (pH S.3) using Or} unit* 
AmpliTnq Gold DNA polymerase (PE Corporation) oligonu- 
cleotide primer pairs (one primer of ear.h pair wn.s fluores- 
cendv laheled) at 0.17 jam and 0-2 mM dNTPs. L'his mixture 
was incubated at 93" for 10 miu (hot start); amplified using 
45 eyries of denatumtion ar. Q5' s for 50 sec, annealing at 60 J 
for 50 sec, extension at 72 s for 8;> sec; and then terminated 
at T c >° for tO min. A. w^ccr bcuh chernioeyoler nvaiudhotuiod 
at Pioneer Hi-Rretl liucmarional w-as used for PCR reactions- 
PGR products were prepared for electrophoresis by diluting 
3 i^il pf each product, to a total of 37 |jd using a combination 
of PCR products generated from other loci for that same 
maize j$enOLvpe (multiplexing) and/or dH20. Dilution of 1.5 
ixl of this mixture to 5 p.1 with get loading dye was performed: 
it was then electrophoresed at 1700 V for 1.5 hr on an ABl 
model 377 automated DN*.\ sequencer equipped with CF.NT.- 
SCAJN software v. 3.0 (Pfc> Applied Biosystems. Foster City, CA) 

PCR produces were sixed automatically using the "local 
Southern' 1 sizing algorirhm (Cluck and Southern 1987). 
Alter sizing of PCR products using CeneScan, alleles were 
assigned usiujj Cenotypcr software (PK-Applicd Biosystems). 
Cenerallv, allele assignations for each locus were made on 
the basis of histogram plots consisting of 0.i>bp bins. Breaks 
between the hisrogram plors of >1 bp were generally consid- 
ered to constitute separation between allele bins; however, 
orher criteria, such as the presence of the non template- 
directed addition of adenine (+A addidon) and naturally 
occur ring 1-bp alleles, were used on a nu 
to define the allele dictionary. AU allele scores were made 
without knowing the identities of the mai^e genotvpes. 



RESULTS 

I j hie ^ ptescnts ther pn.)bability of closest uiiccscty ol 
die top five ranking mined lines for each of 5 hybrids 
at P« 0.50 (Tabic 2A1 and P « 0>J9 (Table V JB). Proba- 
bilities of ancestry arc shown for all 34 hybrids and die- 
tup making inbreds in Figure 1: P = 0.30 (Figure la} 
•and P - 0/J9 (Ki^ure !!>>. Results for the hybricU prr- 
srnttrtl in Fable 2 ,uV U alur'rd >lI the lop of Figure L 
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TABLE 2 

Probability of »nCe»lrv of fov hybrids uftim; <*ata obtained From 50. 100. an<l 195 SSR loci 



Hvbrl. 



:>it7 



3903 



5417 



352 



3910 



50 loci 



100 iuri 



Inbd. 



D2P2 
D1P2 
PI 

PI 
PS 

DIP2 

GPl 

GP2 

PI 
PI! 

DIP2 

CP2 

D2P2 

D1PJ 

SP2 

D2P2 

P2 
P2 

DIP2 
PI 

DtPl 

dpu-'2 



SPL 

pte 

D1P2 
D2P2 
PI 

PI 

dips 

GP1 
GP2 

PI 

P2 

dip*: 

DIPl 
D2PI 

HI f 1 

P2 

SP2 

DIPS 

D2P2 

P2 

D1P2 
PI 

DIPl 
DPIP'J 



Pro! i 



St. 



0.9607 
0.8077 
0.1016 
0.0907 
0.O32 

0.83-15 

o.aisa 

0.1699 
0.14-11 
0.0110 

1. 0000 
0.9616 
0.0310 
0.0043 
0.0002 

0.9S22 
0.4027 
0.2336 
0.1622 
0.056ft 

0.0007 

0.O6-H5 
0.0127 
O.OOM 



0.8336 
0.O722 
0.0 1 11 
0.0004 

0.9999 
0.399 1 
0.1 00S 
E-05 
£-96 

1.0000 
0.990(5 
0.0003 
F.-l I 
£-13 

0.9999 

0.9992 

0.0006 

£'05 

E-0t5 

0.9999 

0.9999 

E-06 

E-08 

E-12 



0.0123 
0.1965 
0.10S8 
0.0927 
0.0125 

E 07 
E-07 
E-07 
E-07 

E-OS 

E-06 
E-OS 
E-!0 
E-09 
F.-10 

F.-Ofi 
E-07 
F.-07 

E-07 
E-07 

0-000 1 

0,0009 

E-05 

E-05 

0.0009 



0.00O1 
0.1653 
0.1029 
0.0623 
O.0001 

0 
0 

F.-l I 
0 

E-17 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

E-OS 

E-13 
F.-l 3 
£-12 



Piub. 



sr. 



A. As-sutninjr ^ 



PI 

P2 

DIP2 

SPl 

DIP! 

PI 
P2 

DIP2 

CP1 

SPl 

PL 

P2 

DIP2 
D2P2 
D3P2 

DIPl 

SP2 

DIP2 

D2P2 

PI 

P2 
PI 

DIPS 
D2P2 
DP1P2 



0-*749 
O.Sl 41 

0.1. '539 

0.0009 

0.9009 

0.3437 

0.4563 

E-07 

E-07 

0,9999 

o.yyyr 
0.0003 

E-05 
E-06 

0.9S03 
0.6280 
0.2351 
0.1317 
0.0197 

0.9999 
0.U970 
0.005O 
0.O0O1 
0.000 1 



B. 

P E 
P2 

D1P2 
DIPl 
SPl 

Pt 

D1P2 
P2 

D2P2 
SPl 

PI 
P2 

D1P2 
03P1 
DSP I 

DIPl 
P2 

D1P2 

SP2 

D2P2 



0.9999 

0.993S 

0,0061 

£-05 

E-05 

0.9999 
0.97 19 
0.025 
E-20 
E-2L 

1. 0000 
0.9999 

E-09 
E-21 
E-21 

0.0999 

0.9999 

E-06 

E-07 

E-09 



P2 
PI 

dip-: 

D2P2 
DPIP2 



l.onoo 
o.O wo 

L-05 
E12 

E-21 



0.50 

0.0252 

0.22^5 

0.2255 

0.025 

0.0002 

< £-20 

<E-20 

<t>20 

£-18 

<E-20 

E-10 
E-10 
E-M 
E-I5 
E-17 

0.0053 
0.0970 
0.0617 
0.0372 
0.0053 

E-05 
0.00 1 1 
0.00 I ! 

E-05 
E-07 

0.99 

E-05 

0.0107 

0.0107 

E-06 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

E-OS 
E-06 
E-06 
E-1.3 
E-10 

E-OS 
£4)5 
E4I5 
Ell 
E-21 



pi 

P2 

DEP2 
D2P2 
SPl 

PI 
P2 

DlPl> 

SPl 

GP2 

PI 
P2 

D1P2 
D2P2 
CCP2 

PI 

D I P2 
D2P2 
P2 

D3P2 

P2 
PI 

D I P2 

DP IPS 
D2P2 



PI 
P2 

D1P2 
D2PS 
SPl 

Pi 
P2 

DIP2 

GP2 

D2P2 

PI 

P2 

D1P2 
D2PI 
D.^Pl 

PI 
P2 

d! pa 

D5P2 
DIPl 

PI 

pi* 

0*1 PI' 
DP IP" 
D2P2 



195 loci 



Piub. 



1.00(H) 

0.9957 
0.001:5 

E-06 
E-06 

1.0000 
0.96:5? 

0.0365 

E-15 

F-16 

1.0000 

1.0000 

E-09 

E-U 

E-17 

1.0000 

I.0O00 

E-06 

E-07 

E-10 

1.0000 
1 .0000 
E-ll 
E-17 



0.9999 

0.9999 

E-ll 

E-14 

E-20 

1.0000 

0.6133 

0.3864 

E-kS 

F.-49 

0.9999 

0.9099 

E-22 

E-49 

E-54 

1.0000 

0.9947 

0.0052 

E-lS 

E<!5 

1.0000 

1.0000 
E-2-i 
E-U 
F-50 



SF. 



E-07 

O.OOM 

0.0033 

E-06 

E-07 

<E-20 
0.0523 
0.052^ 
<E-20 
<E-20 

<E-20 
<E-20 
<E-20 
<E-20 
E-17 

F.-OS 
E-06 
E-06 
E-13 
E-16 

F.-09 
E-09 
E-U 
E-17 



E-OS 



E41 
E-H 

E<21 

0 

0.1416 
0.4H6 
0 
0 

0 
0 
0 
0 
0 

E-09 
£-09 
E-U 
E-IS 
E-95 

E-09 
E-09 
E-21 
E-U 
F.-l 9 



Hvbrl., hvhrifl: Inlwt, inbt'Cfl: Prob., probubilitvi .SE. sr;inrf:irfl ttrror. roteirrin^ to rh<- v:iri:ihilirv in chf riwulrs 
of the rims: PI. pvnvnr one: P2. iw. ,SPI -^P2. mil sibling of \x\rcnt one pan.nr cwo; D/Pl/D^2, 

tit* rivuiivrs nf ;.vji<.nl one. p;irc:ifct luo, index ( tor diMtnU irthn;tl lines, OPIP2, (k:ri\ iiris <:> ot btiiii ^arcnL our 
;ind [Jitrrnt l\vi ». 



Received from < 515 334 6883 > at 10115102 9:55:51 AM [Eastern Daylight Time] 



10/15/02 TUE 09: IS FAX 515 334 6883 



PIONEER HI-BRED DSM 



@065 



l). A. IVnv h nt. 
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3525 
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A 








A 


35 5o 


J 






A 




A 


A A 


3% 5 




•Ti 




a i; 


A 






39^0 










A 




A A 




- 






A 


A A 






3162 






A A 


A 11 A 








31 tU 


- 


t ^\ 




Tj A 






A 


3l8'> 


- 


* <K 

Tw 


■v 


» 








3 1 A 1 2 


- 






A 


A 






3245 


- 






I" A 






v 

* m 


32^5 5 


- 


D 






A 


3 




32K61 


- 


O 






A 






3335 


- 


r- 






A 




A 


3343 












X 


>d A A 


33 4 S 


- 












A X 


3352 


- 


o 






A A 


• 

A 


3373 


- 


o 




A 




A 


V" 


33G26 




o 






x> 






33TVO 




o 










X X 


33YIS 




O 




A 






n a 


3-111 




o 






A 


X 




34S9 






A 


A 








3491 








CI XS 








349<i 


- 


o 






X 


X 




34BI5 




o 




X A 








34GS1 









X A AS* 








3514 














A A 


351.1 


V 


0 










3540 










A 


A 


X 


3547 




o 






X 






3559 


- 


o 






A£> 




A A 


3563 




o 


A 


A 






1 I 


3568 






A 


A 








35B26 








A AA 








35R37 




o 


A A 


A 








3615 












A 




36Y95 


• 




A A 


A 








3730 




o 




X X 








3733 


m 


o 










3753 










x 




"\#* m 


37**) 




o 








A 


A 


3860 




■■ '■ 
->■-•' 




A 








3893 




-a 


C A 




r 






38F70 




o 










V V 


331*05 




•fit! 


O 
















a 














c 






A 


A 


A A 


3907 










A 




A 


3914 








LA O A 








39K3S 
















X0915A 








CA 








XI I32R 




c 


X 


a y 








XU33S 




o 




X 


A 


x n 








J 

0 




-5 


I 

-10 


1 


1 1 1 1 

-15 -20 



AA X 



X 



S:' 



X 



-25 



1 
.30 



AAA D " P1/P2 



Probability of ancestry (logm) 
, Others ■ * Parent 



S-P1/P2 



FimrkK » — (;u PmbabililK-.S ol' Ltntouv. ;tssnn»inj4 /* ~ f»..>0. Kcjr all :>L liylivuls ami lop rankiiij? inbu:cls— rliosi- uitli probuWIity 
of.m.vsnA ai IraM 10 \ tlx Pnihablliiu-s ot an. ^irv, a^itniiin; P O.'J'J. tor all .14 hxhrids jihI ro ( > raitkii^ uihivtl.^— ihost- 
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(Hbrids 

.UI7 
VV25 
3S5A 

yjos 

3940 

3162 

S]& 

31AJ2 

32-15 

32J55 

32K61 

3335 

3343 

334S 

3352 

3373 

33'PW 
33V IS 
3411 

34 SS> 

3496 

34&15 

34031 

3514 

3515 

3540 

3547 

3559 

3563 

356S 

35B26 

35R57 

3615 

36Y95 

3730 

3733 

3753 

3790 

3360 

3893 

33^0 

38P05 

3SR52 

3902 

3907 

3914 

39K38 

X09I5A 

X1U2S 



-iv 



He 

-o 
-o 
o 
c 

o 



IVik.iljililv nE Aim »^Tt\ t. mii-' SsK 



I 

0 



A 



v 



X 



A 



A 



AM 



A 



A A 



X A 



X X 



J 



A 2 



4 A 



A A'-- 



v 



-10 



-J 5 



^20 



-25 



-30 



Fli'HJKK 1- — Omthtnt'tL 



Probability of ancestry* (logio) 



W hen rhr algorithm used P - 0.30. du- two rorrea 
piuvnis wvrc identified uk highest in probabilitv for -IS 
(89'7 ) hybrids (Figure M. Fm- eaeli •>(' *> tuhiids 
^SPf):>, :>SR32. ,S!i0;». i. ;.inU \0*)l"iA). our parent 
ranked in ihe mp iwo plares. Thr oiher parent was 
si.i|)j)l;mti*(l rill iff E>v a sistf [' iuhfed » if En an inbred dt;il 



was ;i direct pmg^ny parent- (>n:ill. liii* W£ > 

of 10$ p;irt-ui:il inbii*(ts wt»re corr*t:t.tv identified. For 
hvbrids when' boih pmenrs rnnked lusr or second, the 
range ni pi t >babiliruN Un parental lines thai ranked tir.^i 
from anu>n;-( alt < > ■ E l • * e inbrecU ranged I'mm l.OWH) (<» 
QSjWJ: parcntiii fines nmkiii^* St^rmid i I Ivorn 
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! .()( Kit) to 0. \){\~>:\. For hybrids, both parents had piob- 
abtlitie> ol .uiO-Miv iu excess of rrol.uditlil.ieN o! 

amcstrv 1<" iunij>;ii <m>es that ranked iu first or second 
place* were from O.yuyo, it* 0.7U3-1. for r He majority ol 
itvbrids. tin- probability of the ibird and bi^be^i ranked 
noupareiual inbred was at or below E-Ob. Thv* indicates 
that tii ere is usually V erv little uncertainty about closest 
ancestors. 

When the algorithm vised P - 0.99 to examine each 
of ihe :>4 hybrids, both parents were eon eel ly idr-n rifled 
for rV2 j of hybrids and for 98<S (102 /104) of ih« 
parent across all hybrids (Figure l).Two hybrids (1*914 
and XOyi^A), in which one parent was not ranked in 
die top two. were also hi the subset not ranked in the 
top two assuming P - 0.50 (above), tn both cases then- 
ranks improved (both to (bird rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of the corresponding parental tine- for 49 hy- 
brids, both parentis had probabilities of ancestry in ex- 
cess of 0,999. Among the 5 hybrids haying a pa rem 
ranking second wirh a probability of ancestry below 
0,000, me lowest of these probabilities was 0,397(3 ami 
the highest probability for a third ranking nonparcnl 
was 0.102!?. For most hybrids the probability for the 
third and highest ranked nonparenral inbred was at or 
below E-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well*main rained inbred development and seed 
increase programs but is possible because ™3~5% of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when DNA is extracted from a bulk of 
individual plant* and because inbred parents arc not 
homozygous due either to residual heterozygosity or to 
contamination or because one or more direct parents 
of the hybr id are themselves hybrids, The presence of 
more than one allele per locus in an inbred line and 
more than Uvo alleles per locus in a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the ca.se of ana- 
lyzing data from 19"? loci tend to be very small beams*- 
i here were few loci where an inbred or hybrid sample 
(from a bulk of individual plants) was scored lor more 
than two alleles. 

Mars ha i.i. ftnl. { J. 00 8) have drawn attention to errors 
that can be encountered in genu typing surveys. These 
errors include missing data, null alleles, and typing t' 1 '- 
mrs. VVe therefore investigated the robustness of the 
algorithm bv examining the effects of modifications in 
the data fur live hen-rid* I.U17. :!>~yliS, I'-VfirMi. 5V>0:Y and 



*V>U)). Fit's!. We rednt ed die m imher of SSfLs used, from 
the lull set of li)"> to Imu ,md then U> ">b t fable ^!), Use 
of 30 loci generated incorrect rankings of one pa rem 

foi each of two hybrid* i IE 7 and .'iil M)) and foi hnih 
pare nis of one hybrid c^ioro. All (d iht;st: rnost highly 
ranked nonpnremtal i nbr eds were closely related to the 
true par cms for each of the re.sptfci.ivi: hybrids; six dil Id- 
em inbred lines were involved. Four were direct progeny 
of the: rate parents (oik: with additional backcrosses 
from the true parent) and two were full sisters (horn a 
cross of highly related inbreds) of the actual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or second place. Four inbreds 
outranked tht! true parents of 390;>. All four nonparents 
were closely related to the respective true parents: three 
were direct progeny of the true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
ail 105 loci corrected die ptaeemenr. for one of the 
parents, of hybrid 3905. Two inbreds that were noL pat- 
ents of thi> hybrid remained ranked more highly than 
one of the true parents, both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree, 

To address die consequences of laboratory and other 
sources of error, we artificially compromised data qual- 
ity beyond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
tablishing scenarios where various numbers of SSR al- 
leles were not scored) and by misscoring other alleles 
(establishing scenarios where various numbers of SSR. 
alleles were scored incorrectly). VVe also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summary of the results of making these 
modifications in the data. For all tnodiH.cat.ions we used 
data from all SSR loci and we also randomly chose SSR 
loci to create sub-seis of f>0 ami 100 loci. In each case, 
the program was run 20 times for euch hybnd/set of 
foci. When all 195 loci were examined, replications dif- 
fered onlv according io the par lir.ular choice of alleles 
for loci where more than rwo alleles had been scored- 

To evaluate robustness in the face of missing data or 
mistyped dara, we simulated individual and combined 
categories of these data in the hvbrid and all inbred 
lines at levels of % 5. 10, and 25% of the alleles for each 
of five hvbrids and all inbreds bevoud the level of error 
as originally scored bv the laboratory, We examined the 
e fleers of these levels and types of error for three sizes 
of database: 50 loci. 100 loci, and all 105 scored loci. 
The same five hybrids considered in Table 2 were investi- 
gated: "417. 35*25, S55b\ S0<V\ and 3940. One of these 
hybrids (l ; i005^ wits ohoseu because one of its parents 
did not rank among ihe rop rwo places even when the 
complete and unmodified data from all SSR loci were 
used. 

F.\amples of robustness in die I are of additional error 
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t'nr hvbrid.% using sul'xris <>l r >0 and 1 00 loci and all 
U H i ;uv shown in 'Cable where numbers ol parents 
ranking i<U" the top two pluee< arv presented, Oegrada- 
limii in die prclercniial ranking of parent inbred* >tf a 
level nf fc Jf/.'r,- additional lttisMng data *.v",ts shown Tor one 
hvbrid {?ot>:~>i with usage of 50. 100. or all SSR loci. 
Degradation * r> the preferential ranking of parent in- 
bred** at a level of 2:>'% additional misscored dam was 
shown for Inbrid 3:>"»r>. When both additional levels of 
missing and misscored data were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred for all hybrids and for all sets of SSR (50, 100, 
and 195 loci) except rbr hybrid 3-1 1 7 when daw from 
\§r> SSR loci were used. Over all five hybrids, use of 100 
loci improved robustness from the* use of 50 loci; vise 
of 1 95 Itjci further improved robustness for four hybrids 
(3417, 3525> and 3940). The degree of improve- 

ment was smalh except for hybrid 390:V 

W'e also ranked inbreds according to their probability 
n! ancestrr of hvbi ids when botli parents and all inbred 
derivatives and fuU-sistei inbreds of the respective in- 
bred pare ma for each hybrid were excluded from ths 
analvsis. The results arc too voluminous to present here 
but tan be summarised as follows: Using P — 0.50, a 
grandpaienr. of each respective hybrid ranked into first 
place for 41 (76%) hybrids; probabilities ranged from 
0.4976 to 1.0 and most were above 0-9900. Other classes 
of inbreds that ranked in first position for probability 
of ancestry were inbred* derived directly by pedigree 
from a grandparent of the respective hybrid (DGH) for 
13% of hybrids inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DGCP) for 9% of hybrids, and one class (2% of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the grcat-great-grandpar- 
ent of that hybrid. Inbreds that ranked in second posi- 
tion were related to the respective parents of the hybrid 
as follows: Thirty-one (57% of hybrids; were a grandpar- 
ent of the respeeuve hybrid, 11 (ii0%) were classed as 
DGl\ 7 (13%) were DCGP, 1 was class DGGGP, 

and 4 [7%) were a great-grandparent (GOP) of the 
respective hvbrid. Over all hybrids, two of the four 
grandparent tanked into first and second positions for 
2$ (•■tf'-Jh of hybrids); three grandparent ranked into 
the first three positions for 5 We of hybrids). There 
were no insrances where all four grandparents ranked 
into the first four positions. Thirty hybrids had a grand- 
parent ranked kilo first position using /* - 0.99. The 
number of grandparents ranked iiu*> the top five por- 
tion* was 9- J i (compared to 108 when P ~ 0.50). The 
number ol grandparents ranking into the top two posi- 
tions was (compared to 71 when P = 0.30). The 
mean prubabilhy tjf a grandparent tb;ii ranked into the 
first iwu positions was 0.92tf;S (.SO - 0.1 13 U when P ~ 
0.:Vf amlO.rtWUl (SI) O.OKMi when /* -■ 0.99. 



nist.i/ssioN 



The prevalent use of paret'nity indices demonstrated 
iliat ii i^ >uI\.uiU^:hiis t<> have t:\plirit pr< ^abilities nt 
aruvstrv i<* distinguish among diOVfenf pedigrees. Mo- 
lecular matker profiles are rapidly becoming more e.v 
lemi\e and rnsi effective to generate, features that would 
advance the -Hatistieal analysis of molecular marker data 
to provide explicit probabilities of ancestry include i In- 
ability to calculate probabilities of ancestry where there 
is no n ^^information as to the identity of one (usually 
the maternal) parent and robustness in the face oflabo- 
raton error. 

Maize inbred lines and hybrids provide a very exacting 
set of materials for evaluating the discriinmmory abilities 
of molecular data and statistical procedures that are 
employed to interpret those data. Hundred* of maize 
inbred lines of known pedigree together encompass a 
great divershv and complexity of pedigree relationships. 
Son if: inbred lines nan be very hishlv related and ^eueti- 
evilly similar due to their derivation from common par- 
entage including from parents that are themselves highly 
rrlated. Consequently, relationship categories mrh ;is 
"sister" or "parent'' when applied to maize inbreds usu- 
ally refer U> closer degrees of pedigree relationship and. 
thus, of gennplasm and molecular marker profile simi- 
larity than those of the equiraleutly named classes of 
relationship for animal species. Most nuuy.e hybrids thai 
are widely used iti the United States today are con- 
structed from pai:*s of inbred lines that are unrelated 
by pedigree, each inbred parem. having beet* bred from 
a separate, "'pool" of gennpla-sm. Various degrees of f elat- 
edness arc possible between hybrids according to the 
pedigree relationships among their constituent inbred 
parents. 

Using P - 0.99 in die algorithm is more specific for 
identifying parents than using P = 0.50. However, P = 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm was run at P ~ 
O.;>0 there were f> hybrids for which one parent did not 
rank among the top two most probable genotypes. For 
the remaining 48 hybrid* the correct parents were iden- 
tified even in circumstance* ^vhere other candidate in- 
breds included not onW full-sister lines bred from re- 
lated parents but also inbreds even more closely related 
to the tru<i parent by virtue of being backcross conver- 
sions of the inbred parent of the hybrid. For each of 
the 6 hybrids where a nonparent ranked ahnvc a true 
parent, that higher ranked inbred was always either a 
sister or progeny of the outranked true parent. The 
range of pedigree relationships as expressed b\ the 
Malecot coefficient of relatedncss (Mat.kcot 1948) that 
was eneompasse-fl by pairs of true parent and moir 
hivhlv ranked iubied relatives of the our pareub was 
from O.S:W m o.9t)S0. A coefficient of O.SS90 approxi- 
mates ;i a-lationsliip btTuc.en inbred A and A' when- 
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inbred A' has been bred from a cms* *>1 inbreds A and 
L> uitli In-tWecM one and Uvu additional l;.ii'l;cri »>h> ul 
the parental inbred A. A Matecot coefficient of relation 
ship of O.U(iS(i clo^.'h approximates a relationship be- 
tween inbreds A ami A" where loin' additional buck- 
crosses of parental inbred A follow the initial cross of 

inbred* A and B, 

Ktmning the algorithm ;u V ~ 0.99 in comparison to 
P~ 0.50 raises ih« probability of ancestry for the parent 
while diminishing chc probabilities for the third and 
lower ranking candidate inbred lines. Use of die algo- 
rithm at ^ ~ 0.90 increased both the percentage of 
hybrids with both parents ranked it'; the fir.st two posi- 
tions (from S9 to 90%) and the percentage of parental 
inbreds that were ranked first and second (from *)4 to 
98%). Two hybrids (3914 and K0915A) did not have 
both parents ranked first and second when the algo- 
rithm was run at P = 0.99. For both of these hybrids 
the nonparcn tal inbred that outranked the true parent 
was itself a product by pedigree from the true parent 
that had been creatrd by an additional four backcrosscs 
of that parent; the Mal£cot coefficient ui i eUL-onship 
between the parent of the hybrid and (he inbred Lhai 
outranked that parent for these two hybrids was Oi>636. 

Robustness was tested by evaluating rhe effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing arid misscorcd data up 
ro combined levels of 25% error bevond that which was 
provided by the laboratory. From our experience, error 
rates of 5 to 10% can occur in SSR profiling of maize 
due chieflv t.o the combined effect of residual heterozy- 
gosity among seed lots and by deficiencies in die scoring 
of heterozygoses in hv b* iris. The additional levels of 
simulated error, therefore, include values (up r.o ~*35% 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 50 to 100 (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds dtat were not parent* of a hybrid out- 
ranked the true parent from four to one. Nonetheless, 
all of these more highly ranked inbreds. although ihcy 
were not themselves the inie parents of the respective 
hybrid, were cither direct progeny or full sisters of the 
true parent (Table 2). Consequcndy, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
duu are identified as parents of hybrids, then SSR data 
from 30 loci of equivalent discrimination ability Are 
sufficient. Use of data from 50 loci also evidenced ro- 
bustness in the face of up to 10% additional levels of 
either missing or misscorcd data: no degradation in ihe 
ability to identify a parent was uppareui up to the level of 
10% additional error except for 10% additional missing 
and misscorcd alleles for our lubrid (35-5: table 3). 
However, use of 100 loei inrrt-Lsed the proportion of 
true parents diat wcic correctly ideniihVd from 5.H% 
(lor ">0 loci) to Tl'f (mean correct parents over all 



levels of ci'icm. 'fable S>. Use of from HJ") loci 

pftAided ^iruict resiliency a^aiuM additional U:\cU of 
error. However, use of data from U>5 loci was unable to 
pmvide ivsilicnry against the negative t-fiecu of adding 
Combined levels (at 'J5%i ol both missing and mi.s^roi'cd 
data (Table :h . At the 25% level of additional poor data 
integrity, inbreds thai were not related to the true parent 
of the hybrid outranked the true parent for lour of the 
five hybrids. Levels of nu^iue; or misscored daia should, 
therefore, be kept below 15-20% (assuming a level of 
5-10% error in the data we analysed prior to simulating 
additional error), 

We have previously examined the pedigrees of in- 
breds that are ranked into (he first two positions when 
the true parents arc removed from die list of candidate 
inbred lines. Usually, direct progeny or full sisters of 
the true parents then rank most highly (data not pre- 
sented). We therefore examined the rankings of inbreds 
with respect to their ranking and probability of inclusion 
in the anct -, sny of each hybrid offer the removal, not 
only of the true parents, but also of the progeny ft f the 
true parent and any full ai.Mei* of chc O'uc piu'cut:? Tn 
these circumstance? the. grandparents of the hybrids are 
ranked predominantly into top positions. Using P = 
0.50. a grandpa re nr ranked into first position for 76% 
hybrids and into second position for 57% hybrids; with 
/' = 0.99 a grandparent ranked into fmi place in 5b% 
of hybrids, Ai P ~ 0.50 nvo grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three positions for an additional 9% hybrids. Most 
of the remaining inbreds that ranked into the top two 
positions were progeny of the grandparent A total of 
10$ grandparents ranked into die top five positions 
when P - 0.50; 93 ranked into these positions when P - 
0.90. Seventy-one grandparents ranked into me top two 
positions when P = 0,50; 55 grandparents ranked into 
these positions when /' = 0.99. The mean probability 
of a grandparent in the top two positions was 0-9288 
(SD 0.1454) when P = 0.50 and 0,9080 (SD 0.0 KM), 
when P = 0.99. Our algorithm was written to identify 
paii^s of ancestors: alternative algorithms could be tai- 
lored to identify- all grandparents once parents had been 
identified and removed from the list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm thar can be used to show probability of 
parentage in circumstances where the a priori pedigree 
identity of neither parent ts known, delusions are taken 
into account thereby allowing pareniage to be shown 
even when the iwo parents are not repicscnted m the 
database of molecular profiles that are examined. Het- 
erozygous candidate parent's can be uccommodalrd. 
The number of loci that is necessary to pr< ivide a reliable 
basis of determining prdi^rre is depeTuIciu upon ihe 
degree of relateduess Arnon.^ pareuis and nonpare-nts 
anfl upon the di<ci iminatory ability of die* marker s\ stent 
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in ih«: species nf inu.n.si. I'^iii^ /* - (.omparul k* 

J J - U,;"U pi l-'li'l tMUkllK iclt lllil'lVfl IV U UC |,>.LIVI1LS ttntt 

with :i ^n:;iic i (lifl'uxmo' of probahilhv \o third placer 1 
iHMipureub. II there i* r^tx/uulsk- ussuranc. r lhal the 
parents urc .tmoiv-t tin* rum I ii Lite list onnhnrrrls, then 
p o.OO should be v^rd; if i^remer robustness is re- 
quired, ihvn P = 0,30 should be used. 

Applications of our ;il gori thru include die idcmil'icLi- 
tioii oK pedigrees among individuate oT plant or animal 
species where molc-r.ular profile d: t ia.se cs exist rjr.u can 
be interpreted in wmw of segregjuing alleles ai individ- 
ual murker loei itnd that provide a sufficient, power ot 
dberimimitioa. Capability r.o generate large datascts 
of .suitable molecular profile data arc already available 
and are increasing rapidly with the advent of singk 
nucleotide: polymorph isms. One further application of 
our algorithm is to assist in the protection of intellectual 
property that h obtained on plant varieties or upon 
specific dam* or sires of animals through the determina- 
tion of pedigrees. 
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